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turned off or has malfunctioned. The Bh&AGs can also be used to produce

attitude rate-of'change information, as backup for the rate gyros.

']7he]BMAGs are single-degree-of-freedom, miniature integrating [ii:.

gyros contained in electrically heated individual packages. The heater wi]! _ !i .

nna'intain individual BI_AG ternperature at 170±Z°F. Degraded gyro opera- _.

tion will result if this temperature is not maintained. The gyro spin 171otor's

are 3-phase g4,000-rp_T_ synchronous devices, powered by 13.6volts 400ups

from a supply in the attitude gyro accelerometer package electronic contro_

assembly. With C/M temperature at 80°F and the mounting plate tempera-

ture at 55°_ ', the _naximu_ time aliowcd for the B_f_..G to reach operating

limits is 40 r_inutes. .A,few gy;:o characteristics are listed as fo].lows.

Acceleration sensitive drift

Maximum self-torquing rate

_Viaxirnu _ attitu4',e ran g e

AGCU coup].ed torquin.g ],imJts

4 deg/hr

Z5 deg/sec

ig0 deg

ZO ° sec roll, 5 ° sec pitch and yaw

Acce!ero]_eter.

The acce!erometer is _T;ou_ted along the spacecraft ]<-axis to sense

velocity changes alo___gthis axis. It is a pendulous-type acceleronneter with

electronic null _,nd balance. 7he temperature is n-_air_tained at ].701Z°F

under norrnal opP,rating conditions. A signal output is ger.erated by a

velocity change along the X-axis.- This velociLy change causes the pendulous

n<_ass to n3.ove, resulting in a cha:.zge of coupling between the primary and

secondary windirtgs.of a sign.m,ige.t_erator. This results in an output £_ ....i

which is demodulat_(z and a_mp]if4ed to provide accelerador_ informatio_ J.n

the form of digital signals %o a counter in the delta Y display (paragraph

Z. 3.4.. i0). The pen@ulous mass is returned to null by the bal;=_ncin.g action

of the electronic cagiD, g si@[_al when the velocity change ceases.

Pitch., Roll, and Yaw Electronic _ontrol Assen-_blies.

The pitch., yaw, and roll electronic control assemblies (ECAs) ale

nearly ._dentical, with s].ight differences due to different requirements for

each axis. The ECAs provide the circui%ry for input control signal process-

ing and SCS mode control and configuration. Input con.trol signals consist

of attitude error signals from the SCS BM_AGs and from the G$zN systezm,

minimum impulse con_mands, r:_te gyro angular signals, translation and

rotation control commands, service propulsion er.,gine g_mbal position

commands, and SPS engine gimbal rate and position feedback signals biode

control inputs are received from switches on panel 8 of the main display

console (MDC). These ir_put signals are applied to logic-controlled relays

which er_ab!e circuit configurations corresponding to the desired mode,

ECA output signals consist of reaction jet fzring commands and SPS timbal

position commands. The reaction jet con_mands are generated in the jet

selection logic portions of the ECAs. Preignition SPS engine gimbai

position commands are generated manually at the AS/GPI by thumbwheels

which provide input signals to the gi_b_l control circuits. Post-ignition

uON I _._O_, SYSTEMSTA]_ILIZATION AND ..... _
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gimbal control is provided by automatic thrust vector control(TVC) circuitry

in the pitch and yaw ECAs.

Auxiliary Electronic Control Assembly.

The avuxi!iary electronic control assembly contains the attitude gyro

coupling unit and service propulsion system thrust on-off command circuitry.

TheAGCU portion of the auxiliary ECA receives ]BMAG signals from the

DISPLAY-AGAA ECA and processes the data for display on the FDAI. It

also transforms attitude set dial signals to bod 7 axes. The SPS engine

on-off control circuitrs_ in the AUX ECA receives m_gine on-off commands

from the GhN. system or the SCS. These cornmands are conditioned and

applied to the S]?S engine solenoid valves,

Display and Attitude Gyro Accelero_r_eter Assembly Electronic Control

Assernb]y.

The display and attitude gyro acceleronxeter assernb].y electronic

control assen%bly provides the electronic circuitry required to control and

power the displays, ]3MAGs, and aceeleron_eter. The DISPLAY ECA

portion consists of the circuitry necessary to receive and condition the

following:

o Attitude error signals fro_x the GhN systen_ or the BIv_.Gs to the

FDAI a%titude errox indicators

o Attitude rate-of-change signals from the rate gyros or Bh4AGs to

the FDAI attitude rate indicators

Feedback signals from the SPS engine gimbals to the gimbal position

indicator s

Acce]erometer signals from the AGAA to the delta Vdisplay

integrator.

The AGAA ECA portion consists of circuitry necessary to accomplish

the following:

Accept and condition BlvIAG inputs for the AGCU

Accept and co_3dition AGCU torquing commands to the 13MAGs

Control BIvIAG and accelerorneter temperature controls

e Control and condition the accelerometer rebatance loop and inputs

to the integrator

Supply reference voltages to the ]5MAGs and accelerometer

_ Condition the BM_AG and accelerometer outputs to telemetry.
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Rotation Controls.

Two identieal rotation controls are provided to enable manual

command ofthespacecraft attitude ( figure 2. 3-8). Each control• is a control

stick containing breakout switches and transducers (figure Z. 3-9) which

apply control signals to the reaction jet selection logic circuitry in the

pitch, yaw, and roll ]ECAs. When the stick is moved, the breakout

switches close the loop between the BMAGs and AGCU, and control

signals from the pitch, yaw, and roll transducers are applied to the

appropriate conf.rol ECAs. Proportional response to the control stick

movement is provided by rate gyro feedback to the ECA electronics

(figure Z. 3-10). The reaction jet solenoids can also be controlled via the

direct application of control voltages from switches in the controller.

The latter method, requiring use of the DIRECT MODE switch on MDC-8,

does not provide proportional response. With the direct mode enabled and

the stick commanding a. rotation about one axis, the rate damping circuits

in the other axes are ac_:ive.

[i̧ :/i

Provision. is made to mount the controls at four different locations in

the C/NI: the right armrest of the ].eftcrew couch, both armrests of the

right crew couch, and at the navigation station in the lower equipment bay.

Normally, one control is attached to the left crew couch mount and the

other is used at any of tlie other three locations. Simultaneous operation

of both controls is possible bug not advised; however, each control has a

locking device to prevent inadvertent operation.

Translation Controls.

Two identical translation controls are provided to enable manual com-

mand of spacecraft translational maneuvers. (See figure Z. 3-8.) Each

control is a T--hand]e type control stick containing switches, which apply

control signals to the reaction jet selection logic circuitry in the pitch, yaw,

and roll ECSs (figure Z. 3-11). The reaction jets are activated in groups

of two or four, depending upon the direction of desired translation. Left--

right and up-down translations are accomplished by firing two reaction

control jets with the same direction of thrust. _Forward and reverse trans-

lations are accompiished by firing the four forward thrusting or four rear-

ward thrusting reaction control jets. The translation maneuver commanded

is in direct response to the direction in which the T-handle is moved.

The primary control has switches which initiate a spacecraft abort if

the T-handle is rotated counterclockwise. Both controls have switches

which enable manual thrust vector control and disable automatic attitude

control if the T-handle is rotated clockwise. Each control has a lockin.g

device to prevent inadvertent operation of the translation control.

Both controls are mounted in the C/M on the left armrest of the crew

couch. The primary control is identified with yellow stripes and. is the

only one provided \yith abort switching capability.

Mission
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ROTATION CONTROLLER ---']

TRANSDUCER F

ROLL

"iRANSD UCER

YAW

TRANSDUCER

DIRECT SWITCHES

........ _/'%._

BREAKOLIT SWITCIIES

< 26 VAC 400 CPS FROM PIiCH ECA OR YAW ECA

PROPORTIONAL RATE COMMANDS TO PITCH ECA

I
i

i +l>l

J - "l,_t YAW

I
I

J

PROPORTIONAL _J_iE COMMANDS TO ROLL ECA

PROPORTIONAL RATE COMMANDS TO YAW ECA

DIRECT RCS

(MDC 8) 28 VDC FROM

, .4.----- -.---_h>-.- __DC MAIN BUS A

-.S_ ..... OR DC MAIN BUS B

OFF (SEE NOTES)

PI[CH .

';'l t °IREc] cO'W'_ANDs TO
RO!.! pCR ENGINES DIRECT COILS

- _.j

28 VDC FROM

( DC MAIN _US A OR

DC MAIN BUS B

BREAKOUT SIGNAL TO

PI'fCH, ROLL AND YAW ECA

CASE GROL!N D

NOTES: I . DC main bu.: _ sup'piles power to di,eci

swilches in rotation conhol No. I.

2. DC rodin bu_ B supplies power to direct

-:witches in _otatlon conho[ No. 2.

SM-2A-71iB

Figure Z. 3-9. Rotation Control Schematic
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YAW MOTIONS

FORCE
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PITCH MOTIONS
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INCH-POUNDS

32[ . DIRECT SWITCH ,_

30!- ACTUATION -_-.-- .... J/

J OUTOF /_ /
2sL son STOP -------'_ I_ HARD
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(16u_.-_

//_DIIECT SWITCH

_,._ ACTUATI ON .,...,_o

/ (12 DEGREES) ""_

J / _" BREAKOUT SWITCEI

6 [- _ (8 IN.-LB, 3.25 DEGREES)

o -'--f I i-----_ _ _---_ ' _8 9 10 11 12 13

DISP[.ACEMENT- DEGREES

ROTATION CONTROL - STICK DISPLACEMENTS VS FORCES

LMEC__AN'CAL ._

..._

ECT SW1TCH

/ ACTUATION _ J

- (12 DEGREES) f

BREAKOU, SWITCH _.

r.// (10 IN.-LB, 3.2 DEGRE,_S)6

24-
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._.__j______J___.__J I. J L_ ] J.... L_.__
I 2 3 4 5 6 7 8 9 )0

DISPLACEMENT- DEGREES

ROTATION CONTROL- STICK D!SPLACEMENTS 'v'S FORCES

Figure Z. 3-i0. B.otation Control Charts
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TRANSLATIONCONTROLLER

I ABORTIN IT!ATESWITCHES(CCW)

L 4-
I
I
I

• 28 VDC FROM
\ PC MAma SUSA OR

DC MAIN BUSB

ABORTINITIATION SIGNAL
_".1"OMISSION SEQUENCERA

ABORTINITIATION SIGNAL
TO MISSION SEQUENCERB

MOTOR DRIVEN SWITCH
(LOCATED li',l S/M, CLOSED
AFTLRS/M SEP,aR/_1"!ONFROM SIVB)

+ X

\ 28 VDC FROM
DC MAliq BUSA OR
DC MAIN BUSB

} Tp_*_NSLATIONCOMMANDS

TO S/M RCSENG!NES

-X

-t-g

-y

+z

-z

%

IAAblUAL IVC EI'xlABL-_

SWITCH(CV/)

- PUSHTO I'ALKJA ....

( L)C MAIN BUS A OR

DC MAIN BUSg
,"- TO PITCH, YAW & ROLl.

ECA
< 28 VDC

COMMUNICATIONS
SM-2A--710B

Figure Z° 3-11. Translation Control Schematic

Flight Director Attitude Indicator.

The flight director attitude indicator, located on B&DC-4, provides.

attitude, attitude error, and attitude rate-of-change display information.

(See figure g. 3-1Z.) The FDA! Jndica'ces attitude rate of change arm attitude

error on indicators and spacecraft attitude on a 3 degree-of-freedom,

inerdaily referenced ball and roll indicator. The roll rate display is

located acros,,s the top of the FDAI. The pitch rate d.Jsplay is located along

the right side of the FDAI. The _raw rate display is located across the •

bottom of the FDAI. The attitude error displays are poi;_ters which move

across the face of the bal].. The rate a_.d error displays are fly-t() displays.

The roll attitude i)ointer is located at the top and point_7 down towards the

cen.ter of the ball. The pitch attitude pointer is located at the right and

poin.ts ]eft toward the center of the hall.. .The yaw pointer is located at the

!:iq Mission._
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ROLl. PATE ATTITUDE

DISPLAY E[tROR DISPLAY

, ROLL POINTER qAVIGAIION

AXIS ,9_k RF, ER

TCH RATE

DISPLAY

TCH AI"IITIJDE

ERROR D'SP[.AY

AT[ITUDE BALL" }DY AXIS

/v'dkRKER

YAW ATTITUDE

ERROR DIS[

YAW RATE

DISPLAY

_..__,.----_ . ._55o +21 °L_.... ,.....
_'"............................Roll "['ug" / _ / -r21 -" J_!

NOTE: On this illustratio°, the a_titude b_ll

display is read with reference to the SM-2A-?'26C

navigation axls m_rker.

Figure Z.Z-IZ. Flight Director Attitude Indicator

bottom and points up toward the center of the ball. The FDAI is located in

the center of the display. The ball face is marked in degrees of pitch and

yaw and is referenced to the IMU axes. Two reference markers are located

on the face of the display to indicate attitude in reference to either space-

craft body axes or IMU (navigation) axes The body axes marker is on the

lower face of the display. Tl_e IMU or navigation axes marker is located on

the upper face of the display. }.lollattitude is the IMU reference and is

indicated by the roll indicator (bug) which travels arour_d the circumference

of the ball. Roll attitude zero reference is located at the top of the ball.

FDAI display operation will vary, depe,_ding upon mode. The rate

display is operative at all times. Each rate indicator has a calibra.ted dis-

play scale, with the range of the scale dependent upon the mode selected.

Maximum full.-scale deflection will be as indicated in the following tabulation.

L
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Mode

Delta V modes

Entry modes and monitor mode
All_ other modes

!
Full-Scale Deflection

Pitch Roll Yaw

_5°/scc

±5°/sec

-21 °/sec

_5°/sec

_Z5°/sec

±l°/sec

±5°/sec

_5°/s_c

_!°/sec

The attitude error display function depends upon mode. During atti-

tude hold modes, the attitude error pointers display attitude changes within

the selected deadband. The maxim,am deadband will allow approximately

±5 degrees of spacecraft movement i_ any axis, which is equivalent to full-.
scale deflection for the attitude error poir_ters. This results in easily

discernible pointer movement. The minimum deadband allows approxi-

mately • 0. 5 degrees of spacecraft m_)vement in any axis, which results in

very little pointer _.ovement. In SCS control modes, the attitude error

signals are derived from the Bi_kGs or AGCU. The AGCU alone provides

the driviug signals oL, ly when used it'. conjunction with the ATT SET switch
for a dialed attitude chance. In G&.N mo.ies, the attitude error signals are

derived from the G&N coupling display units (CDUs). Full--scale deflection

varies depending upon the mode selected, as in.dicated by the following

tabulation.

I

Mode [
Entry modes ±5°

• ".t< {}Monitor mode -.15

.All other modes ±5°

Ful] -ScaJe Deflection

Pitch Roll Yaw

±25 °

±2.5 °

±50 ,

±5 °

+15 °

±5 °

The gimbaled attitude ball is colored half gray anti half black, with

the line of separation, at the 0-degree to 180-degree pitch angle. This

two-color scheme permits rapid recognition of the specific pitch

hemisphere being displayed.. There are two concentric circles located at

90-degree yaw/0-degree pi_eh and 270-degree yaw/0-degree pitch. The
inn.er circles are solid, red 30-degree circles which represent the base of

a cone wid; th.e apex at the center of the.ball. This area denotes possible

IMU gimbal lock. The outer circles enclose a red 40-degree circle which

also represents the base of a cone with the apex at the center of the ball.
This area denotes attitudes which result in AGCU inaccuracy. The bail is

read against one of two reference marks, depending upon the mode of

operation. The IMU axes reference mark is the upper marker (0) which.

indicates spacecraft attitude in pitch and yaw axes with reference to the

IMU gimbals or stabi]i_.y axes. The bod 7 axes marker is the lov,,er marker

(V-) which indicates spaqecraft attitude with reference to the body axes.
oeg_ees. The roll indicatorThe included angle between the markers is 3Z ....

is referenced to the zero mark e.n _he periphery of the ball display face in

all. operational.modes, in SCS modes, the ball is driven only during
manual maneuvers, during 1PDAI alignment, and after 0.05 g is sensed

during entry. Durir_g these functions, the ball is driven by signals
received from the AGCU. In G&N modes, the ball displays IMU gimbal.

angles. Figure Z. 3-t3 provides a tabular listing of the various FDA.I

display configurations.

'G,'_
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FLIGHT

CONTROL

MODES

Total Attitude

(Ball)

Attitude

Errors

Attitude

Rate Errors

Roll Bug

F LiC HT T
CONTROL

MODES !

{

T e t_! At<itude ]

(Bail)

Attitude

Er ro."s

.,\ttltude I

Rate Errors I

Xoli Bug
L--......... --/-

SOS

SCS Entry

Before 0.05 Os, ball driven

only during manual maneuver

or FDAI alignment; after 0.05
Gs drlven continuously.

BMAG$

P h Y±5" max de!iection;

R±Zb" max deflection.

Rate gycos (BMAGs _hen

backup rate switch actuated).
p & ° 5_/sec deflection.

R Zb_/sec defiectlon.

AGCU roll angle

SOS AV

Bali driven only daring

manual maneuver or

FDAI al gnmcnt.

BMAGs

p, y, & P_5 _ max eel!action

Rate gyros (B_& (is when

backup rate switch actuated).

_, v, & R±5o/sec deflection.

AOCU roll angle

SCS

Local Vet tlcaJ

Ball driven only during

manual :naneuver or 9"DAI

alignment.

5MAGs

p, y, & _G_5 ° max deflection.

Rate gyros (BMA_s when

backup switch actuated).
p, y, & i<_l°/sec deflection.

AOCU roll angle

I SCS

Attitude Control

I Ball driven only during manualmaneuver or FDAI alignment.

[ BMAGs

p, y, & R-*5 ° m_:< deflection.

i Rate gyros (BMAGs whenbackup r_te '_witch activated).

i P, Y, & R±i°/sec deflection.

I
AGCU roll angle

G&N

G g_ I',TEntry

Ball repeats IMU position.

CDU P, y, _:5° max deflection.

Rd:Zb" max deflection.

Rate gyros (BMAGs when

backup rat'-- switch actuated).
lo & y.5°/sec deflection.

R_Z5 _/see deflection.

LMU roll angle

OhN A _f

Ball repeats !_ZU position.

CDU P, Y, & P,_5 _ max

defiection.

Rate gyros (BMAGs when

backvp rate switch actv_ated).

p. y, & p_ 5°/see deflection.

Ge<N

/_ tt!tude Ccntrq!

Ga!l rep,:ats !MU position.

CDU P. Y, g" R ±5 ° max

deflection.

Rate gyros (BMAGs when

backup rate switch actuated},

p, y, & F, _°/sec deflection.

! IMU roll angle

IMU roll angle I

I Monitor

?
Ball repeats IMU position

GDU P, Y ±15°, & R±25° max
defiection_

I Rate gyros (BMAGs when
backup rate switch actuatud).

p, y, & R 5°/see deflection.

i IMU roll angle

Figure 2. 3-13. FDAI Display Configuration
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Z.3.4.9 Attitude Set/Gimbal Position Indicator.

The attitude set/gimbal position indicator (AS-GPI) provides two

separate functions. The attitude set portion enables FDAI-.AGCU align-

ment and provides a reference for a.cquiring new attitudes. The glrnbal

position display portion provides positioning control of the SPS engine

gimbal angles and displays gimbal position. The attitude set portion pro- -

vides a comparison of the angle between the attitude displayed on the

ATTITUDE SET indicators and the position of d_e AGCU resolver shaft. It'.

also provides control of ti_e inputs to the FDA.i a_titude error pointers and

aligns the FDAI to the attitude indicated on the ATTITUDE SET indicators.

The ittitude set function is controlled by n_anual operation of the thun_b -

wheels. The desired position is di_l_d by a thun-J_wheel, with the display

providing _dsua]. i_dication of the position se]_ected by the thu_bwheel. The

e.ttitude display may be used to align the FDAI-AGCU or to indicate a new

attitude for th.e spacecraft. To accomplish FI)AI-AGCU _lignrnent, the

desired position is se[_on the attitude set display. The IZL)AI ALIGN push-

button is then pressed. This provides a signal which drives the AGCU

stepper motor.and control logic to position the AG.CU reso]ver shaft. The
dstepper motor dxives the shaft to the comrnan,ec_ position, resulting in an

output from an angle generator to the FDAI ball, driving the ball to the

commanded position. To manually maneuver the spacecraft to a pre-

determined attitude, the display is set to the desired attitude and the ATT

SET switch is -01aced to ATT SET. The output signal is app]Jed'to the .

attitude error'display pointers on the FDA), providing a manual maneuver

indication to the space crew. The display configuration is a fly-to type,

with the crew ma.nuaiiy maneuvering the sp_-cecraft tow_,_rd the p(,i:,__e_.s.

(The pointers will peg if the new attitude is in excess of 5 degrees from

the origir)al attitude, )

The SPS engine gimbal position display allows positioning of the

gimbals and provides indication of gimbal position. Two thumbwheels
C

enable the pitch and yaw engine gimbals to be positioned prior to oP_.

engine firing. Th.e gimbals position the engine to an attitude which ensures

that the SPS engine thrust vector is through the spacecraft center of gravity.

Movement of the thumbwheels results in the. generation of control signals

which engage the SPS gimbal ring torque motor magnetic clutches. Clutch

engagement connects the gimbal torque motor and gear train to move the

gimbal ring. Position transducers send a signal to the gimbal positio-_

displays to indicate the angle of the gimbah The yaw gimba! position scale

is graduated in increments of one-half degree from -5 degrees to +13

degrees. Center is located at the +4-degree position due to an inherent

offset in the ya_ center of gravity. The pitch gimbal position scale is

graduated in increments of one.-half degree from -9 degrees to +9 degrees,

with the center position at 0 degrees.
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_; 3.4. i0 Velocity Change Indicator.

The delta V display provides control and display of spacecraft

velocity changes. The display portion of the panel consists of the _NV

REMAINI, NG indicator, which is a five-digit display. The digital display

is set by the variable speed _,V SET switch. Three panel switches control

the SPS and RCS engine firing commands. The DIRECT ULLAGE switch

is a pushbutton, momentary-contact switch which, when depressed

energizes the direct coils of the +X reaction jet solenoids. It serves as a

backup for the translation control, which is used under normal conditions

for +X translations for SPS fuel settling (ullage). The THRUST ON switch

is an JIluminate8 pushbutton, nqorr_entary-contact switch which is used to

fire the SPS engine in the SCS delta V _node. The switch is enabled when

the SPS THRUST switch is in the NORMAL posFdon. The pitch and yaw

RCS control and firing circuits are inhibite8 during SPS engine firing.

After ignition, the SPS engine continues to fire until the ZYV REMAINING

display counts down to zero. The TI-IIKUST ON switch is also used to back

up the Apollo guidance computer firing commands in the G_kN delta V mode

in the event of an AGC failure. The SPS THI<UST sv_itch provides overall

control of SPS engine firing. The NORMA.L position enables normal engine

firing sequences. The OFF position provides a positive off command as

backup in case of a malfunction. The DIRECT ON position pro_ddes a

positive firing command to the SPS engine.

The AV SET switch sets up the ._V ilEMAINiNG display and logic

circuits prior to delta V maneuvers. P_'ess]ng the upper ,_;cction of the

AV switch sets up logic circuitry which causes a slew motor to drive d_e

_V REMAINING display in the positive direction (incrc, asing velocity).

Pressing the lower section of the switch drives the display in the negative

direction (decreasing velocity). .The switch has two sets of contacts in

both the upper and lower positions. Pressing the switch lightly engages

the first set of contacts, which results in a signal that will drive the

display at a rate of two feet per second. Pressing the switch harder

(past an easily felt hard/soft point) engages the second set of contacts,

which results in the display being driven at a rate of 64 feet per second.

As the display is driven to the desired velocity, the _ntegrator and logic

circuit is set to a logical value equal to the desired change. The trans-

lation con-_mand signal energizes a relay which applies the output of the

AGAA accelerometer to the integrator and logic circuit, which compares

the desired velocity incremeni: with the actual velocity change received

from the accelerometer. When the actual velocity change equals the value

set, the ZXV REMAINING counter sends a signal to a coincidence detector

logic circuit which, in turn, transmits a stop firing command to the thrust

control logic. AJthough this causes the SPS engine to stop firing, so.me

thrusting continues as a result of the tail-off inherent to the engine The

Z_V I%E!vIAINiNG display continues to count past zero (i.e., 99999, 99998,

99997, etc.) until no further acceleration is felt. Tail-off effects will be

calculated prior to f]ight'and compensated for by the crew when the d_spia},

is being set up for delta V maneuvers.
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Z. 3.4. II

2.3.5

Electrical Power Distribution.

See {igures Z.% 14 and g 3-15
_4

PERFOt{M-_NCE AND DESIGN P ^'_' _

Figure Z. 3-16 contains the latest available power consumption data for

the Block I SCS. The translation controls were not included in the SCS

component breakdown because they do not dissipate a significant amount of,

power within themselves.

The X-axis acce!erometer is a servo-re?;ala.nced pendulous

accelerometer. Some of the accelerometer design characteristics are as

follows.

Some

Op erati._tg ra:zge

Threshold

Null torque

Signal generator sensitivity

Signal generator null

O. OOl gto Z g

1 x ].0-4 g (max)

] x !0..4g (max)
50 n:illivolts /_m.i!!irad

mr (m_x)

The body-•mounted attitude gyros are single-degree-of-freedom gyros.

of the gyro design characteristics are as follows.

Acceleration sensitive drift

Random drift

}_axirnun= "_orquJng rate

]_iaxi_mun_ input attitude

Gyro threshold

Oyro transfer function

Signal generator null

Excitation frequency

4 deglh_/g

0.05 deg/hr

Z5 deg/sec

.-hZ0deg

0.0Z deg/hr

I. 15 mil!ivolts/millirad

3. 5 n-;.il!_:vo]1:s

400+0. 01% cps

The rate gyros are single-axis miniature gyros.

design characteristics are as follows.

Full-.scale range

Input range (to iin_it stop)

Maximum rate without damage

Excitation fr equency

Threshold

30°/sec

30°/see

600°/sec

400'.-0.01% cps

O. OZ°/sec

Some of the gyro

OPERATIONAL L,IbIITATIONS AND RESTRICTIONS.

S/C Attitude Change.

It is recommended that vehicle attitude change be held to rr_aximum

rates of less than Z0 degrees per second roll and 5 degrees per second in

pitch and yaw to prevent possible loss of attitude reference. Because of

the AGCU digital logic, £he stepping motor can be stepped at a maxin_urn

, i!ii:i!!

iiii i
:i t- _;
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AC BUS NO. 1 (AC BUS NO. 2_

115 VAC 115 VAC)

pHASE

,_..._--_,-._-----_ GROUP I

A AC} (AC2)

!i/i
i:,i!

I

-.---p

NOTES: 1 . D-C power is opplled to these

units through partial SCS power

swhc% as shown il.J upper right

port of diagram.

2. Contacts close after S-IVB separation

or f. lgh-ohhude cbo_t.

PARTIAL SCSPOWER SW

ACI (AC2) PARTIAL SCS

• DISPLAY AGAP ECA POWER SW

PITCH ECA AC1 (AC2,

_,______ [ YAW EC A ,_---- --,_----_'-----" --
= ROLL ECA O_F

"-- _..._,__.___ ,] C U X I L IA RY EC_. GROUP I

DC MAIN

BUS A

tDC MAIN

BUS Bi

o

OFF SCS CONTROl. PANELI

RATE GYRO (SCS/G&N SWIIC H) J "_"

POWER SW

ACl (AC2) TVC 1

_T "_-'---_ _I POWER

"--"---'-_ i---_,---_,_IP_'TEe' ..'.---_ . GYRO PACKAGE • ACI (AC2) __

_ |DISPLAY AGAP ECA _

_._,.___._ j _ O_:i.

° R_TC,_ECAt 1 " " I
OFF YAW ECA _ ¢:......... _,'_A--___--

ROL_EtAj I RCSLATCH,'_G[
j RELAY

I /_ AV DISPLAY PANEL I " NOTE

J _ SCS CONTROL PANEL}' <_ "

J TVC 1 (DIRECT MODE SW) J
/ POWER SW

J AC] (AC2) SCS CONTRO[ _l

l..m.__ PANEl. (YAW _ "_-

i _-"-'-_ 1 CHANNEl. SW)J

_--'-_ t PITCH ECAI NOT_ i

, IYAW ECA/ "
_-..____.J sc_CO'_'TROLI
o PANEL (8&D ROLL_'

OFF CHANNEL SW) .

BI_-_ G

POWER SW

AC_ (AC2) A

° ', / ROLL ECA /

"--'_] IDISPLAY AGAP ECA

o_ ''°-'---b _ YAVV ECA NOTE I

--_.] l PITCH EC_,
---_>----_ )

O_FF " SCS CONTROL

ROTATION PANEL (A&C ROLL_

CONTROL //_\ CEIANNEL SW) J

POWER SW Z-J-C._.

1 (2) ROLL ECA

_ YAW ECA _ NOTE 1
DOFF PITCH ECA

TVC 2 ._

P...... W SCS CONTROL PANEL/
UW't: K b A ' W <S

AC1 (AC2) (PITCH CH NIxEL S. )] /_ TVC 2 POWER

-_--,--_---._'_ Z.£_k sw AC_ (AC_)

_.1 IDISPLAY AGAP ECA

_ YAW ECA
0, _ PITCH ECA} NOTE1 OFF

 'LOT,%O ffONALj
TRANSLATIONAL CONTROLLER <_----------e-_

!i!i
• i

Z_ ! :ii
DIRECT CaNT [ i

_J MNA(B) ! :!:

z_YAW [:::1

B&D ROLL ! ]

MN A (_) ! i.

7-, J :i

t i

I'!

A&C ROLL

f i
MN A (B) :_

PITCH !i: 1

MN A B)

•o o

_------o o--..... ;_ :q

GROUP 2 _ '1

SM-2A-712A

I:i!

i_ii!i!
t.:/:,
,,+:

!ii¢

[:,k,

?

_igure Z. 3-14. SCS Power Distribution
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SYSTE._, CAPABILITIES

_ACKUP RATE

CHANNEl. ENABLE

,_DIRECT ROTATION CON] ROL

_-£,TTITUDE IMPULSE

_&N SYNC

REC

PARTIAL RATE

SCS GYRO
POWER POWER

° I
!L&NSLAT!OF O

AV SE_

_NGI_EiOHIT_ON _ <0

DIRECT ULLAGE

I'HRUST VECTOR CONTROL _ C_

MANUAL !HRUST VECTOR CONTROL

ATTITUDE HOLD

RATE DAMPI iqG
i-

F,_Dfl AL_ G/j_ .........................

RATE INDICATORS VALID

BALI 8 ROL.L BUG DR'.VEN

UIRED SCS POWER SWITCHES

I ROTATI ON
BMAG | CONTROL TVC i

POWER .k POWER POWER

k

o<9

.................. [;......i .......gh:<

if ®('h IO

TVC 2

POWER

,Q-')

0

1

J,................................

I

L

NOTES: 1. If backup rate has been selected in an 7 axis. !f backup rote has been
selected in all 3 axes, IV_,IE GYRO POWER need not be on.

2. PARTIAL SCS POWER must be on if" AV switch is at NePal,At. However,

SPS engln_ can be turned on when all power swltche:s are off, by placing

AV switch to DIRECT ON.

3. /'VC 2 POWER switch must be on if manual TVC is engaged.

4. SCS AV mode oniy. However, in G&N 5V _node, BMAG POWER must

b_ on if backup rate has been seJected in any axis. It backup rote has
buen selectc<_ in all three axes, PATE GYRO POWLP, switch is set :o OFF.

5. SCS. modes onlyl also G&N modes if backup r,,te has been selecied ]n any axis.

6, SCS me,de_ o,]y; if backup rate ba_ not been ._elee_ed.

7. RATE GYRO POV'!ER s_.itch may b_ set !o OFF {of extende'J per;eds of

attitude hold.

8. FDAI ALIGb', and G&N mode_ only.

Figu):c Z. 3-i5. SCS l_ower vs System C&p_.bi].ity

SM- 2.A-90,vk
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_" _--'_ MODE

SV, ,TCH "_

PARTIAL SCS PWR (1)

POWER FACIOR

FDAI

POWER FACTOR

1
SYS'_EM'STEADY-$T_TE POWER CONSUMPTION"\VATIS (SO-l) I

........ --T----GT_,_'_-f----RCTT__nu_ F O_NENTRY +l
MONITOR ---| ---'( ................. _ ........... " _- ----- t,< "_

i IS','-q,C ,%0-CPT----I-- li5 VAC 4OO CRS | '15 W,C f00X-:[:%_._! _S VAC 40O a+ _!

,--7_.--T:--r_-Tr_,:-l--_,-l-:;]--[ _WEcTo-c-l_;ik-T-,_--j-¢c ] DC | r,_A j,/,_ I ¢-c I DC [
.Z_.-J "Z_+L_" .__,::-l-_'" c+',%: " -....."-"-:'_--;W'_t ...............................

o._,1o.+,qo.9,I i o.+qo._9,o.+_I !o.,+t o.++1o.+l _°"_ ...._ _ i

*'o._J ^'_ ^ 991 [ 0.981 0 85 I 0 99l/'0 9nl "0 8'_i *0 991 I 0.ggl 0.SSl 0.991 tu.y_ u._ l u.............. 1 ___J. " ...... t ........

.............. ........ ...... .....!......!...... -1--1
o'921 J / | o .2 I / ' " I ....• • .,, ___________:_q ................. .,.q............ _--

0.96; 0 85 0.86| [ 0.96j 0.86, 0.86 I 0.96 0.861 0.861 / '. 61 . / s._l

1'0'7s/ 0"STl 0:S3 [0]_51 0.ST/ 0._3| I 0.751 0.57l 0.6Sl 4 °:f_-L04-_-TL°--6-a|--J

0 99/ 0 _l 0._0[ |0._,_ 0 M o.so+ J,o,99t*o.zq*o.,o....... /0._91 0._+1o.+oj
......t......i---_r_,w?....1......I-i -_; Y-T [_:_-_1------T,--1---I-++._3
_.J_ _L._LI_/ !__.L L L ___.L+._L+_L_s ........Lo,._

RGA POWER

POWER FACTOR

ROT. CONT POWER

POWER FACTOR

TVC S\'V NO.i

POWER FACTOR

TVC S¢/ NO. 2

POWER FACTOR

BbVkG POV/E R

POWER FACTOR

CON] PANEL INPIIT (t)

f_ MODE"_"

I" SWITCI4 "_

PARTIAL SCS PWR (t)

POWER FACTOR

FDAI

POWER FACTOR

SYSTEM STEADY-STATE POVTER CONSUMPTION-WATTS (SO-i) (CONTINUED)

f SCS ENTRY [ G&b-t z_V 1 SCS ,_',,' ---LOCAL VERTLC_-,L

u_Zcq_-_:r's J i_s-v-£c,+%cPs _ _s VAC.;-oZcr's --.s -,_,o3 cPs
[ ¢' ,q_¢S I fC DC -_:-r--x.:--1%,7;:..... BT--_-%?;--F-S_c-:q-i_- .;.,Z.... V?-%i-T]--oc-
_.,,_-J ........ , ........ .Z"-_49 J-.z-_'+-£_s_+_.-:--d++_2 +.}._./o_++-'++-';-'-..... _-: ..... '+-+"'_Lt...............

I °"i °91°9t l o.._,.Io._+_o.9,1 I o.+lo.++_o.,,, o.+,,_o._+_o.+_
........ "1............. j- -- _ ....._.-7--_._,,.+f I _.8-+.8 __ q _._1+.,1-+,+-1-_. , _.q_Tr,,.q

0.+,0.+_,_ , 0_+oe40.,I_ I °91o•+%0.tl___do.+_l-u+'0.99_
-s 6 ---- s.,s/ s.6

1,+.4_-_1.__,+._ _1--_-1__-I_ _.,+._I+._%, %.s%.,,-1-_._-q-i.qu+
/ o.9+ o._i °._+t 0.gd 0._610._+1/*0.96j *0.+4*0._61 I o._o:_tL_.._

,6., +._,,.o,6;._-_f,-t_.x--_.oi-6_.-3-!6.--rl-_-1-T-o-__T-d-._-._,-1-_:_i-_++_-]-l
I 0.9_ 0.Tq 0.80j 0.991 0 7,_ 0 80[ 0 99i 0.18[ 0.80[ I 0.991 0.78l 0.80! |

"" _ _ ..... _ ..... " _ I_ZTZZJ_Z" "+. .... J_---._-q- ..... _,l...... '........ ,,++,-,,++,,'
-- "" i | | i ! L _J L+J-,-___ L.... J ....... _L. .............. l__=,,k ..... ,,J..... _......

RGA POWER

POWER FACTOR

ROT. CONT POWER

POWER FACTOR

TVC SW NO. 1

POWER FACTOR

TVC SW NO. 2

POWER FACTOR

g t.,_, G POWER

POWER FAC]OR

C01,1"[ PANEL INPUT (1)

NOTES:

1.

* 2.

3,

Power measurements made in each mode.

Power consumption assumed same _n each mode.

Asterisk indlcr4es mode [n which meesurement

wos made,

Measuremen!s made whh SPS engine off. (Two

soleno;ds and 2 reloys.)

]Figure Z+3,-16. SCS Steady-State

4. Lh_e losses and inveder efficlencies not con +

sldeled.

5. AH values hldlooh;d are in watts.

6. Figure does not Mclude energ[zh_g RCS englnes

for maneuvers,

Power Consumption Data

SM-2A+754D
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, Z. 3.7

rate el i00 steps per second in roll ai_d Z5 steps per second in pitch and

yaw. This is equivalent £o gyro torquing rates of Z0 degrees per second in

roll and 5 degrees per second in pitch and yaw. Therefore, if vehicle rates

exceed die gyro torquing rates, the Stepping motor will lag behind the :!iC'=:

vehicle rates. Under this condition, the BM_AG-AGCU loop may not be_.able

to maintain the SCS attitude reference. _i_,._....

TELEMETRY MEASUREMENTS.

The following is a complete listing of all SCS telemetry data that is

monitored by ilight controllers and ground support personnel. The last

co!unm contains the na_ne and t3qoe of S/C crew display• The display

ut_iizes the sa._z-_.epickup or sfgnal source as telemetry, unless a separate

measurement number is included in the:display column.

An asterisk (*) by the rne_:,surement number denotes ip_forlnati.on

• _ ._ k__av].which _.s nol av_._.ila.Lie for .recording or te].enlet_y transn_is .;ion during Or,,..

low.-bit rate operatiort.

Figure Z. 3-4, sheet Z, identifies telemetry measurerr, ents for the SCS

yaw channel. !dentica] rneasure_nents in the following l_.sc, relative to Z]_e

rol} and pitch cham_-e]s, are taken from the seine circuit jcnctions as for

the yaw channe].,

Y..................................-] ................ 7--7
Measuren'ent ge_ , _ l<a_ _ I C_

Number Description ...... _so" _ge "ew Di.';p] ay

": CH 0024 V

-':" Cit 00Z5 V

* CH 0034 V

':-" CH 0047 V

CH 0050 V

CH 0067 V

* CH 0074 V

CH 0075 V

-':-"CI-] 0087 X

-",_ CH 0088 X

* CH 0089 X

* CH 0090 X

CH 0100 X

CH 0101 X

CH 010Z X

C1.-t 0 103 X

':_"CH 10Z4 V

-",_CH i0Z5 V

;',_ CIt 1034 H

-",-"CH 1047 V

Ct-] 1050 V

CH 1067 V

_'," CH 1074 V

Pitch re.is

Pitch rate n_.anual rotation control

]Pitch pos feedback in

PTV diff clutch vo]ts eom.b

Pitch rate error an%p out

Pitch integrator/art error summing

IviTVC pitch rate

Pitch SCS art error

4- Pitch/+X solenoid driver out

- Pitch/+i solenoid driver out

+ Pitch/-X solenoid dx-iver out

- Pitch/-X solenoid driver out

G- N' DV nnode control

G-N DV art mode control

_-r "_ C Oiitl: O1G-N entry o.>.o_.!:

Monitor mode control

%flw rate

Yaw manual rotation control

%fa.w po_,_ feedback in

¥TV diff clutch vo!_s comb

Yaw rate error amp out

Y integrator/art error sunaming

MTVC yaw rate

Zero/+5 VRMS

-6/+6 vdc

T ][; D

-6. Z to +6 Z vdc

TBD

Tt3D

Zero/+10 VRMS

Off/on event

Off/on event

Off/on event

Off/on event

Event

Off/on event

Off/on event

Off/on event

-30 to +30°/see

Zero/+5 VRMS

-8.5/+8.5 vdc

.-85 to 4-85 MA.DC

•-6. Z to +6. Z _d.c

_-Z. 5 ,.'.:o +2. 5 vdc

TBD

FDA.[

F.DAi

None

None

FDAi

None

None

FDAI

None

None

None

None

None

None

None

None

FDA!

FDAI

None

None

FDAI

None

None
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Mea sur ement

Number

CH 1075 V

_',-" CH 1087 X

-':<CH 1088 X

-':-" CH i089 X

,:-" CH 1090 X

CH 1100 X

CH 1101 X

CH 110Z X

CH 1103 X

CH ]104 X

•",-"CH Z015 V

::-" CH Z0Z4 V

,:-" Ctt 2025 V

-':-"CH ZOZ6 V

",-" CH Z030 T

CH Z050 V

-':'-CH Z070 V

CH Z075 V

:',-" CH Z087 X

• Ch Z088 X

::_ Gh Z089 X

':-" CH 2090 X

,',-" CH Z091 X

::_ CH Z09Z X

-",-"CH Z093 X

• CH Z094 X

CH 3185 X

,',-" CH 3186 V

CH 4 100 H

CH 4101 H

CH 410Z H

CH 4 103 H

CH 4 104 H

CH 4 105 H

",_ CH 4 320 X

-':" CH 43Z1 X

CG 0001 V

D e sc r iption

V yaw SCS art error

+ Yaw/+X solenoid driver out

- Yaw/+X solenoid driver out

+ Yaw/-X solenoid driver out

- Yaw/-X solenoid driver out

SCS DV mode control

SCS art mode control

SCS entry mode control

SCS local vertical mode control

MTVC mode control

Combined AG SMRD

Roll rate

Roll man rotation control out

Combined RG SM_RD

Combined attitude gyro temp

Roll rate error amp out

Roll attitude error amp out

Roll SCS att error

+ Roll/+Z solenoid driver out

- RolI/-Z solenoid driver out

+ Roll/-Z solenoid driver out

- RolI/--Z solenoid driver out

+ RoII/'}'Y solenoid driver out

- Ro]I/+Y solenoid driver out

+ Roli/-Y solenoid driver out

- Roll/-Y solenoid driver out

• 05 g Manual switch

DV remaining pot cut

Resolver sin out pitch att

Resolver cos out pitch art

Resolver sin out yaw art

Resolver cos out yaw art

Resolver sir. out roll art

Reso!ver cos out roll art

SPS solenoid driver out 1

SPS solenoid driver out Z

Computer digital data 40 bits

Sensor Range

Zero/+10 VRMS

Off/on event

Off/on event

Off/on event

Off/on event

Event

Event

J£vent

Event

Event

0to 5 vdc

TBD

Zero/+5 VRMS

-0 to +5 vdc

0 to +5 vdc

-6. Z to 4"6. Z vdc

•-Z5/+Z5 vdc

Zero/10 VRMS

Event

Event

J"_2vent

Event

Event

Event

Event

Event

-3 to +13 KFPS

-IZ to +IZ VRMS

-IZ to +]Z VRMS

-IZ to +IZ VKMS

- IZ to +!Z VR.MS

-1Z to +IZ VRMS

-1Z to +IZ VRMS

Event

Event

Event

Crew Display

]b'DAI

None

None

None

None

None

None

None

No,q e

None

None

FDA.I

F])AI

None

AGAP

TEMP

LIGHT

FDAI

None

FDAI

None

Nor,' e

None

Noli e

None

Non e

None

None

None

ZxV

Counter

None

None

None

None

None

None

None

None

Delta V

]Display

E
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SECTION Z

SUBSECTION Z°4

SERVICE PROPULaIDN SYST£N{ (SPS)

FUNCTIONAL DESCRIPTK)N.

The service propul.sion subsystem provides the major in-_pu!se for all

major velocity chemges (A\r's) ti_roughout a mission, plus the S/Ni abort

after the launch escape tower is jettisoned. To perform this function, the

susbystem incorporates a helim_ pressurization systen_, a prope]].ant feed

system, a propellant gauging and utilization systen_ and a rocket engine.

The oxidizer is nitrogen tetroxide, and the A_el is a blended hydrazine

• ,- '- 5_,{ anhydrous(approxln_a_e_/ 50°/0uasyr:.;metr]ca.i di]ncthyl hydrazine and _c'_

hydrazine). The pressurizing gas is helium. The subsystem incorporates

displays and sensing devices to permit ground-based stations and the crew

to monitor its operation.

A functional flow diagram is contained in figure Z,4-].

The heliwn pressure is directed to the be]ium pressurizing valves

which isolate vhe he]imm d_,_r_n_ nonthrusting _;eriods or aNows the he]iun_

to p.essu;'_ze_<< _ the fuel and o,.;d_zr,,-.................tanks 6t,,'_,,,.._ thrusting periods ..... _m,r,

helium pressure is reduced at the pressure regulators to a desired _vork-;n(_• o

pressure° The regulated heliun-_ pressure is directed th:,:ough checR valves

th7_t per:-nit heliu_n flow in the domrnsIrea:,y_ direction when the pressurizing

valves are open, and prevent a reverse flow c,f propelisnts during non-

thrusting periods, The heat exchangers transfer ]-,catfroni the propellants

to the he,liun', gas to reduce any pressure excursions that n_:ay result fron-_ a

temperature differenlJai ])eiween the he]iuYn gas a.nd propel.]ants in the tanks.

The relief va].ves maintain the structural integrity of the propellant tank

systems if an excessive pressure rise occurs.

The total propellant supply is contained within four similar t-mRs:

an oxidizer storage tank, oxidizer surnp tank, fuel storage tank, and fuel

sump tanks. The storage and sump tanks for each propellant systen_ are

connecte.d in series by a single transfer ]ineo The regula.tcd heliun_ enters

into the fuel and oxidizer storage tank, press_:ci'4ing the storage tank

propellants, and forces the propellant to an outlet in the storage tan]< which

is directed tl_rough a transfer line into the respective sump tank standpipe,

pressurizing the prope]lants in the sunup tank° The prope]]ant in the sUreR

tan]%is directed to the exit end into a propellant retention reservoir,

retaining sufJicient propellants at the tank outlets to pern]it engine restart

capability in a zero g condition, 'Fhe propellants exit fron] the respccd.te

sump tanks i,]to a single line to the heat exchanger.

•V o- ip hA:SER.VICE PROPULSION S. ,_1.......
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A propellant uti]ization valve is installed in the oxidizer line, and

is powered only during SPS thrusting periods° The propellant utilization

valve aids in maintaining the cen_er of mass in a relatively confined area. in

the Y - Z plane, in addition to simultaneous propellant depletion. The

oxidizer supply and fuel supply are connected from the surnp tank to the

engine interf_ce flange.

The propellants flow from the prope].lant surnp tank feed through their

respective plumbing to the main pr°pellant orifices and filters to the

bipropellant valve. The bipzopel!ant valve assembly contains the main

propellant valves that are T_meumatically controlled and alJows the propellant

valves to distribute the propellant's to the engine injector during thrusting

periods, or isolates the propellants from the inj_zci:or d_ring nonthrusting

periods.

The engine injector distribu!es the propel!ants _hrough orifices in the

face of the injector \vhere the fuel and oxidizer impinge upon each other,

atomize, and ignite due to hypergo]ic ignition.

The ablative combustion chan_ber absorbs the heat generated wiihin

the chamber. The nozzle extension is attached to the ablative eharnber and

radiates to space°

The engine assemb]y is mounted to the si:ructure of the service module

and is gimbaled to germit thrust vector alighrnent t:hro_gh the center of mass_

prior _o t_r_st initia.ti_onand thrust vector control during a thrusting period.

A flight combustion stability monitor system is employed to monitor the

engine for instability during thrusting periods.

Propellant quantity is measured by two separate sensing systems:

prirnary and auxiliary° The sensing isyste;ns are powered only during

thrust-on periods due to the capacitance and point sensor measuring

techniques. The linearity would not provide accurate indications during the

zero g SPS nonthrusting periods°

The control of the subsystem is automatic with provisions for manual

override.

MAYOR COMPONENT/SUBSYSTEM DESCRIPTION.

Pressurization Subsystem°

The pressurization subsystem consists of two helium tanks, two

helium pressurizing valves, two dual. pressure regulator assemblies, tv,,o

dual check valve assemblies, two pressure relief valves, and two heat

exchangers° The critical components are redundant to increase reliability..

E

I

SERVICE PROPULSION SYST .Ebi
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He].ium Tanks o

The two helium supply spherical pressure vessel.s are located in the

center section of the service module.

Helium Pressurizing Valves.

These two continuous duty solenoid-operated valves are normally

closed to the helium supply pressure. The valves are energized open and

spring-loaded closed. When the helium switches on panel Z0 are in the

AUTO position, the valves are energized and de-energized by the thrust

ON-OFF signal. The valves n_ay be manually controlled by the crew:

utilizing the ON and OFF position of the helium swi.tches. Each valve is

controlled individually by a separate switch on.panel g0o

Each valve contains a position switch which controls a position

indicator above each switch, on panel Z0o V(hen.a valve is closed, the posi-

tion switch is open and the indicetor is gray (same color as the panel)°

\Vhen a valve is open, the position switch is closed a.nd the indicator has

diagonal lines, indicating the va]ve is open°

In the event of a failure in the automatic mode of operation, the trey:

ro.anually enables the pressurizing v_b,re or valves on pane]. Z0. In the e\'erR

of a prob].en] with one of the regulating units, the crew manually isolates the

required pressurizing valve.

Pressure l<egulator Assemblies.

Pressure regulation is accomp].ished by two pressure regulating units

in parallel, downstream of each helium pressurizing \:alve_ Each regulator

unit contains a primary and secon.d_ry regulator in series, and a pressure

surge damper installed on the inlet to each regulating uniL

The primary regulator is normal]._" the controlling regulator, while the

secondary is normally open during a dynamic flow co_,dition. The second-

ary regulator will not become a controlling regu].ator until t]).eprimary,

due to a problem, allows a higher pressure than normal, and al]ov:s the

secondary regulator to function and become the controlling regulator° All

regulator pressures are in reference to a bellows assembly that is vented

to ambient.

One of the regulating units incorporated in one of the para!]el paths

is considered the working regulator. '£he regulating unit in the rer_,aining

parallel pat h is normally locked up _::hen the syste._znis dynamic. The

regulator that is norn-_a].ly locked up would not function until !he normal

regulator allowed the regulated helium pressure to decrease, due to a

problem, and allow the normally locked-up regulator to become ti_e

functioning regulator.

u-, :;_' <
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Check Valve Assemblies.

Each assembly contains four independent check valves connected in a

series-parallel configuration which provides added redundancy. The check

valves will not open until there is a 4-psi pressure differential between the

check valve assembly inlet and outlet lines°

Helium Pressure Relief Valves°

The pressure relief valves consist of a relief valve, a burst diaphragm,

and a filter.

In this event_ ¢.xcessive b.elium ard/o:c propellant vapor ruptures the

bu_ _ di_phrag_n and the fi.lter ,'fi]Jer is t:o be a nonfragmentation type) filters

any fra_rnentationo The re]ief valve opens and -v<;nts the _.pplicable system

to space_ _nd will clos4 and reseal after the excessive pressure has _:eturned

to i:he operating-level. The burst dia.phra.gn:_ provide9 .s.more positive seal

of heiium th_n a. relief valve. The. fi][ter prevents any Iragmen.ts f)'on_ the

diaphragm frorn e:ate:¢ing the relief valve seat,,

A pressure bleed device is incorporated betwc;e_ the burst diaphragm

and relief valve. The bleed valve vents the cavity between the burst dia--

phragn_ _nd relief valve in th.e event of any ].eakage froztn the diaphrag.,_n.

The bleed device is norrna!ly open and \viii close when the pressure increases

up to a predetermined pressure.

Heat ]<xchanger s,

Each unit is a line-mounted, counterf!ov_ heat exchanger consisting

of a portion of the helium press_).rization li_e, coiled hel_caily within an

enlarged, section Of the propellant supply line. This arrange_ent causes

the helium gas, flowing through the coiled li_..e, to approach the te_-nperature

of the propelk_nto

Propellant Subsystem°

This subsystem consists of two fuel tanks (storage a.nd sump)_ two

oxidizer tanks (storage and surnp), prope]lant feed iirtes, and bipropeilant

va]ve a s s e.nqbly,

Rropel!ant T_.nks.

The total propellant supply is contained within four hemispherical-

domed cylindrical tanks within the _:ervice mod_leo The storage tanks _re

pressurized from the heliuvn supply, and an outie i:transfers the propellant

and/or he]lure gas fron_ the storage tanks through their respective transfer

lines to the sump tanks. A standpipe, i.u the sump tanks_ allows the pro-

pella_.t aDd/or helium gas from the r_torage tanks to pressurize the _ sump

tanks° Thus, the propellants in the surnp tanks are direcled in the retention

reservoirs, to the outlet, and then to the engine°
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The retention reservoirs are installed in the exit end of the sunup

tanks only. The unnbreila propellant retention screens retain a clusntity

of propellant in the exit end of the sump tanks, in addition to retaining

propellant within the retention reservoir can and in the plun_bing from _he

sump tank outlet to the bipropellant valve of the SPS engine during z4ro g

conditions. An ullage maneuver must be performed prior to a thrust-on

signal to the SPS engine by the S/M RCS. The ullage n_aneuver is per-

formed to ensure that no gases are retained below or aft of the retention

screens, in addition to settling the propellants and ensuring that the

retention screens are not da_magedo

Tank Propellant Feed Lines.

The propellant feed lines have flexible bellows a.ssernblies _nstailed

to permit alignment of the tank feed plumbing to the engine interface.

plumbing.

_ipropellant Valve Assembly,

The bipropellant valve _ssembly consists of two gaseous nitrogen

(GNZ) pressure vessels_ two injector prevaives, two ON Z regulators, two

GNZ relief valves, four solenoid control valves, four actuators, and

eight propellant ball valves.

_aseous Nitrogen (ON Z) Pressure Xfessels.

TwoGN Z tanks are mounted on the bipropeiiant valve assen_bly (:hat

supply pressure to the injector prevalves_ O__,e C_Z [,_,._kis !_ I],_:L,ri_a_ y

pneu_:natic control system A and the renqaining C_NZ tank is in the secondary

pneumatic control systen_ lB,

Injector Prevalves.

The injector prevalves are two-position solenoid-operated valves,

one for each pneu._T_atic control systen_ and identified as A and _. "ll-,e

valve is energized open and spring-loaded closed. The injector prev_]vc:

is opened upon command from the crew, panel 3, prior to an engine

thrusting period. The injector prevalves energized open allows GN Z

supply tank pressure to flow to an orifice and on into the regula.tor..

ON 2 Pressure Regulators.

A single-stage regulator is instal.led in each pnemna_c' control

system betvzcen the injector preva]ves and the solenoid control valves. The

regulator reduces the supply ON Z pressure to a desired working pressure,

SERVICE I_]iOPULSION S Fo ± t,,'
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GN Z Relief Valves.

A pressure relief valve is installed in each pneumatic control system,

downstream of the GN Z pressure regulators, to limit the pressure applied

to the solenoid control valves in the event a GN Z pressure regulator mal-

functioned open. The orifice, between the injector prevalve and regu!ator,

is installed to restrict the flow and allow the relief valve to relieve the

pre.ssure in event the regulator fails to open, preventing any damage to the

solenoid control valves and/o_: actuators.

GN Z Solenoid Control Valves.

Four solenoid-opera{ted, three-way, two-position control vaiw_s are

utilized for actuator control. Two solenoid control valves are located

downstream of the C}N Z regulators in each pneumatic control system. The

two solenoid control valves in the primary system are identified in l and Z,

and the two in the secondary system are identified as 3 and 4o ]?he two

solenoid control valves i_. the primary system control the actuator and ball

valves l and Z. The two solenoid con.trol valves in the secondary system

control the actuator and ball valves 3 and 4o The SPS thrust ON-OFi _'com-

mand controls the energizing or de-energizing of all four solenoid control

valves.

GN Z ]Ball Valve Actuators,

Four piston-type, pneumatically operated actuators are utilized to

control the ei._ht propel!emt ball val\,,_o .Eat], actuator piston is n_echan.

ically connected to a pair of propellant ba].] valves; one fuel and or]e

oxidizer. V'/hen the solenoid control valves are opened, pneun-_atic pres-

sure is applied to the opening side of the aetuators_ ']['hespring pressure,

on the closing side, is overcome and the actuator piston moves. U'tilizing

a rack and pinion gear, linear motion of the actualor connecting arm is

converted into rotary motion, \vhich opens the propellant bali valves.

When the engine firing signal is removed from tn_ solenoid control valves,

the solenoid control valves close removing pneu_natic pressure source

from the opening side of the actuators, The actuator c].osing side spring

pressure hove forces the actuator piston to nqove in the opposite direction,

causing the propellant ba].l valves to close. The piston rnoven]ent forces

the rernaining OsN Z, on the opening side of the actuator, back through the

solenoid control valves where th(.'yare vented overboard°

Bipropellant Valves°

The eight propellant ball valves are used to distribute fuel and

oxidizer to the engine injector assen:blyo Four iin.ked pairs, each pair

consisting of one fuel and one oxidizer ball vah'e con_rolled by a single

actuator, are arranged in a serJes-para!].el configuration. The parallel

arrangement provides redundancy to ensure engine ignition, and the

series arrangement to' ensure thrust termination. When the actuators

_.n:vVICiF_ PIhOPULSION SYSTEN{.

2.4- 8
biis_ion Basic Date 1Z Nov 1966 Chant',e- Date ........................ i_age ................... :....

• ' ........... "_' : '7":<,:>_:'v •............ " _" ,: _17{::7_r !7''_ 7_ : :m:='tT: 5 ':>:<-:Tv:_!>!}! ......... _! :::':#'<< >::--":"[!'> .......... !E!!>_=" ........ _', ::_":}:iFi :" :_ :.' _' _:f '[ :"=° "_:}7! : ......... ......... _ : ...... :': i,:_ 7<'>::<,<:



_:::Q

SMZA.-03-SC012

APOLI.,O OPE, RATIONS ttANDBOO]£

SYSTEMS ]DATA

i

•i
2_

:_ [:/1

]

ii] i-,_
i U

J

::i [?

: ._

:l
] _
1

d
_ .£:q

I

!I

:;l

:iiiJ
]

2fl

?'i

j e_

[::i
: !

2.4.2.3.8

2.4.2.4

Z.4. Z05

Z.4.2_6

Z.4. Z.7

are opened, each propellant ball valve is rotated, thereby aligning the ball

to a position that allows propellants to flow to th.e engine injector assembly.

The mechanical arrangement is such that the o),-idizer ball valves n]aintain

an 8-degree lead over the fuel ball valves upon opening, which results in

smoother engine starting transients. Each pair of propel!ant valves

incorporates a potentiometer drive gear and housing. Each housing conca;.ns

two potentiometers that are mechanicallf driven: one provides an electrical

signal converted into a visual indication of va]ve position of panel 20, and

the remaining provides a signal to telemetry.

Engine Propellant Lines.

Integral propellant lines are utilized, on the engine_ to route each

propellant fronn the interface po]nts in the gimba], plane area to the pro-

pel]ant engine gimb_}]_ng, orifices for adjustn-_ent of oxidizer/fuel ratio,

and screens for keeping particle contanninants fro±_ entering the en.g]ne.

Engine Injector.

The injector is bolted to the ablative thrust chamber attach pad°

Propellant distribution to the injector orifices, on the combustion face of

[be injector, is accon_plished througl _,concentric annuli machined in the

face of the injector assembly and covered by concentric closeout ri_:,gs.

Propellant distribution to the annuli is aCcom.plished through alternate

radial, manifolds we].ded to the backside of the knjector body° The ]_)jec--

tot is regenerative]y cooled and baff]ed to :_rovide combustion stabilit:v.

']7he fuel and oxidizer orifices i_T;.pinge upon each other, aton_ize, and

ignite due to hypergolic reaction.

Ablative Combustion Chamber.

The ablative combustion chamber materiil extends from the injector

attach pad to the nozzle extension attach pad. The ablative material

consists of a liner, a layer of insulation_ integral metal attach flanges for

mounting the in_jector and nozzle extension, and structural outer reinforce-

ment. The only restriction on a restart is dependent upon the SPS WALL

TEMP HI caution and warning light, on panel i], monitoring the outside

wall temperature at the throat°

Nozzle Extension.

The bell-contoured, nozzle extension is bolted to the ablative thrust

chamber exit area. The nozzle extension is radiant-cooled and contains an

external stiffener to provide additional strength.

z .' - }l#ligh[ Combustion Stability Moh_.t(1 (FCSM)0

The FCSM ia an accelerometer package, mounted to the SoS engb_e

injector, to monitor the engine for vibration buildup characteristic of

combustion instability.

 i!il,
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The three accelero _ncters provide signals into an ]FCS_.4 box assembly

which an-_.plifies it and, when the vibration g_-!eve], exceeds ].80 gts peal< to

peak for 70_Z0 millSseconds_ a level, detector triggers a power switch gating

po\ve_ ° to the sun_n_ing logic° The stability monitor wSil monitor only in a

frequency range m']_ere instability _:vou]d occur (approxirnate].y 600 to 5000

cycles per second)°

The summing logic, if there are two or more rough co_Ttbustion

signals received from the norrna].ly closed contacts, will open removing

power frown the G&Iq and SCS driver logic; and will close the normally open

contacts providing a ground to the SPS ROUGH EGO caution and warning

light, on pa_4e! ]0, informing the crew the SPS engine was shut down due to

combustion i_ s [_.bili ty ,.

The FCSM. trigger circuits will provide power to the voting logic

relays continuo_s!_; onc_ unstable con_bustion is ,_ensed; and power re_<nains

applied to t};e voting ].og_c z'e]_.ys even though the engi_oe is shut down,

unstable co_r_bust].on is no longer sensed, an(:] the Sins R.OUG_{ EGO restrains

liiLll_] !naLt_< ,

When the e.ngine is shut down to unstedble co_nbustion and t,o remove

power f_:on_ the -¢oting logic rel;-_ys, the crew,vou]d place s.ny on:" of the

fol]owins: s\vitcbes to the position indicated to reset the ]fGS]_A voting Ic)gic:

ao AU'I_O_OV],]R.R]TD]_J switches l:o O\rl;J_t<ID]E,

b. AV switch to O]Ft:'o

c. A'.UT]I_(JDi_.,h,iOiN]I'[UO]?_..1EI',_T_LY _\,.;Stcb to cithe_ MOi'qJ.']7OI-1 or

];3NTR.Yo

d, 905i',4 SOS and C_6.,.iqswitche_{ to R]:]S]_T/©",r]41<IIIDEo

.... ;:,]-,nROUGI-I ]_](;O light on pa>el ].0 will\¥ben tl,e FCSM is reset_ the _ _" ...

not he il].u_nin._.ted,

O_; .E, :,...c,._.Dlb , onThe ]ZGS]ET/ _"_ '" s\vitebes p_.nel Z, provide a t'vps.ss

capability of the ]FCSM systerno With the ]FCSM _[<E]SG'!'/OVEI<Ji]IDE

s\vit:c]:es_ on panel Z_ in the ILES]CT/O\zERRIDE position, power is no_:

provided to the IPCSIv! box and sum_-.ning logic assen*_b].ies rendering the

EGSbi inope:cative &s well as the SPS !<OUGI[[ EGO caution and \yarning

light on panel ]0° If unstable combustion occurs, the engine continues to

thrust,

The FCSM box assembly and sunm_ing logic assembly receives Dower

from tbc SGS th_:ough the following s\vitches;

a. Mode select switch to G-man or SCS rnode._ panel S.

b, AT'flTUD_]-h,IONI'.f'OIi-]E!'qTIR..Y switch to .A']'TITU]DE, panel 8,.

c. z%.'Vswitch t:o hV _osit_on, p<-_nc] 8,

do FCSM G&N: RESETIO'_r]{]RI<I]Dk] s\v;.tch t:o G-&IN position, panel Z,

e,, Z'C;S.td SGS_ RESET/C)VI!]R;LID]'] switch t:o SGS posit!or:, panel Z

q.

[i:

k_

i,.h,

c.:

L

17

b :

i"
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Z.4. Z.8 SPS Electrical Heaters.

Twenty-six electrical, strip heaters are enqployed on the propellant

line brackets, fuel and oxidizer h.eat exchangers, propelhq.nt utilization

valve, bipropeilant valve assembly, and the injector tubes. These elec-

tircal strip heaters are enqployed to control the temperature of the ea_tire

aft bulkhead and engine areas thus the propellants.

The strip heaters are controlled as a normal n_anual function of the

crew, on panel 19 (figure Z.4.-Z), utilizing the SIPS HEAT.CI-t switch. The

crew will place the switch to position A or ]3 when the propellant temper- F_:,.

ature indicator_ on panel Z0_ reads -° 40°F (].ower red line indication) which_ _E

is equivalent to a propellant temperature of +40°F_ The propellant ternper_- i
ature readout J s derived fron] the engine fuel-feed line measurement _._,:._:

(figure Z.4-1)o The crew will place the SI°S t-]EATER switch to OFF when

the p_:ope!lant temperature indicator, on par_el Z0, reads 1-80"]?" (upper red

line indication) which is equivalent to k prope]l.ant temperature of q 1Z0°i:',,

Propella.nt Temperature Comparison

, ••i̧

4

/!

J

-?iI

/i

k J

IA

124_

lJ

F_

r,• "2c_

i_rope[iant Ten:perature Indicator Reading _i p

0ot_ 0  --7i7ol-- o-7o. I <_I+7°2 2 °_-°'_2:e 00
Equivalent Temperature °F

...... T--r _ ..... b106_67 +120 +133.34 +146.6'1 '+0 ]t+1333 qZ667'4.,!e, +53.34 +66.67 +80 +93.345160!.,.175.341, +186.67
|

2°4.2.9

Z.4. Z.9.1

When the SIPS HEATER switch is placed t-o position A, all 26 heatJr_g

elements (A) will receive Z8 vdc. When the SIPS HEATER switch is p]aeed to

position 13, all. Z6 heating elemer_ts (k_) wil]. _'eceive Z_ vdc. 'I'he O]:'F posi--

tion of the SPS MEAT?'R switch removes all electrical power from the SIPS

heating elements.

Thrust Mount A sse_blies.

The thrust n_ount s.ssennbly consists of a ghnbal ring, engine-to-

vehicle mounting pads_ and gimbal ring-to-combustion chamber assembly

supports. The thrust structure is capable of providing J:8o 5 degrees

inclination about the Z-axis and ±7.5 degrees about the Y-axis.

Ginnbal Actuator°

']:hrust vector control of the service propulsion engine is achieved by

dual- , servo- , electro-mechanical actuators° The gL<nbal actuators are

capable of providing control around the Z-Z axis (yaw) of 7 (+l/Z, -0)

degrees in. either di_ectior,_ fr01:q a +4-degree null offset, and around the

Y-Y axis (pitch) of 6(+I/Z, -0) degrees ill either direction from a zero-

degree null offset. The res.son for the 4-degree offset to the +Y axis is

due to the offset center of mass in the spacec_'aft.

IB@,ch actuator assembly (figure Zo 4-3) consists o_ four elect_'on_c_gn}_tJc

particle clutches_ two d-c motors, a bull gear, jackscrew and ram, ba]:l

nut, four linear position transducers, and tv/o velocity generators_ The

act._.ator assembly is a sealed unit and enclose those portions protruding

from the main housing.

:!
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CASE I

PRESSURIZING
IFITI-ING_ [I

POSITION

PRESSURE
iNDICATOR

\

EXIENDAND
RETRACTCt.UTCHES"
(2 PEACES)

TRANSDUCER _
l

(2 PLACES} i:q

IMBAL DRIVE
MOTOR{2 PLACES

P-IOITB k ,_

Figure Z,4-3. SPS Electro-Mechanical Gimbal Actuator

One motor and _ pair of cl.utches (extend a_.dretract) are identified

as system No° 1_ and the remaining motor and pair of clutches (extend and

retract) are identified as system lqo. Z within the specific actuator°

An over and undercurrent relay is emp].oyed for each prima.ry gimbal

motor- (figure Z.4-4), and is controlled individually })y a switch on panel 3.

When the prirnary GIM_A]_, XdO']7OIZS switches are placed to the START

position, power is applied to the motor-driven switch within the over and
undercurrent relay of the primaries. The motor switch then supplies power
from the main bus A to the gin-tbal motor. When the switch is release, d_ it

spring-loads to the ON ]?osition which activates the over and undG'rcu_rrent

sensing circuitry of the primary relay which monitors the ct_rrent to the

gimbal rnotoro

The over and under current z'elay of the p±'in_aries are utilized bo

monitor the current to the girr_ba! motor due to the variab1_e current flow

to the gimba] motor that is dependent upon the gimba], angle change required.

fi Miss ion.
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[]sing No_ l ya\v system as an exal_n,p].e, and _.dentifying the upper

nzotor and clutches in figure Z.4-3 as system No. l, the operation of the

current monitoring systen_ is as re]lore, s:

a. If the relay senses an over or undercurrent to gin_ba[ n-Jotol _ No, i,

the monitor circuitry within the relay will drive the n_otor-driven switch,

removing po\ver from gimbal motor No, 1,

b. Simultaneously, a fail sense signal is sent from the relay, tb.e SGS,

\vhich opens relay KI3 removing inputs from the 9[o. ] c].utches and closes

relay ]if4 applying inputs to the Nee Z clutches \vithin the same actuator]

and the top contact of I<IZ opens and the bottom contact of ll]Z closes for

TVC monitor.

c. S_n_ultaneously a sign_l is sent _o ilhnni_ste a caution and warnin Z

light on panel ]l, to indicate the pr-]n]ary gimba[ n-_otor has f_iled.

The prin_ary s\vitches on panel 3 arc then placed in the OFF position,

[{orrnatl_y the O_'F position is used to sh_._t <]own the Zi_ba]. n_otors upon

]he cornp!etion of a thrusting period,

The No, Z systems en_p].oy a 70--amp circuit breaher that is located

in the service module nest the SIftS po_'er distribution box°

Using No. Z ya-_ system as an example (figure Z.4-4)_ the operation

of the current monitoring syster_ is as followst

a. When the secondary GII\.iBAL MOTOI<S s_vitches are placed to the

START position, power is applied to the n-_otor-driyen s_vitch within the

over and u_dercurre_t relay of the secondaries° The motor s_vitch then

supplies po\ver fro_.n the n-_ain bus _ through the 70-an_p circuit breaker,

and through the. motor-driven sv,,iteh to the sccond_,.ry gi_-nbal _notor.

b. When the secondary switch is released, it spring-loads to the O_7

position _vhich performs no functions on the secondaries°

co The 70-.amp circuit breaker wiU monitor the current to the secondary

ghnbal motor; and if a cup'rent of 70 arnps is sensed, the circuit breaker in

the service n_edule \rill remove po\ver fro_.<n,the second_._:y gimbal rnotor,.

d. There is no fail sense signs.] sent to the stabilization _nd control

system, and no illumination of the caut._on and warning light on panel Ii from

the secondary system.

e. If the No. Z systen_ has failed due to an overcurrent, the circuit

breaker removes po\ver from girnbal motor No,. Z only_ and that specific

actuator is inoperative if the No° i system has previously failed.

The secondary s\vitches on panel 3 are then placed to OFF position,,.

Norn_a].ly, the OFF position is used to shut dom, n the gin-_bal motors upon the

co,op!at]on of a thm'usting per].odo

The clutches are of a :_nagnetic partic].e type° The girnbal _-notor drive

gear meshes \vith the gear on the clutch housing° The ge;Irs on each

clutch housing.: n_esb and as _ result_ the clutch housings eounterrotateo

The current input is appl_ed to the electro-magnet n-_ouni:ed to the rotating

clutch housing fron_ the stabi]{zstion control systen'_ or _n the guidance and

navigation system through the stabilization control system. A quiescent

'_v" ", f_ _ _ , C_ Z,IV].S_,]<\ _t,K, PROI_ULS!O]q S vo''"'-....

h,]ission Basi,_ _-_-_ lZ ]qov ]906 Ch<_)_e ]9atc_
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current is applied to the electro-magnet of the extend and retract clutches

when the thrust vector POWER switches, on panel 24, are on, which

prevents the engine from n-_oving during the boost phase of the mission with

the gimbal n_otors OF_'. A Z46 foot-pound force would be required o_ the

engine to overcon_e the quiescent current (equivalent to 1.53 g) in the

clutches. The gimb, a! motors will be turned on, prior to jettisoning the

launch escape tower, to support the SPS abort criteria after the launch

escape tower has been jettisoned, and will be turned OFF as soon a.s possible.

to reduce the heat _oblen._ that occurs due to the gin_bal motors drivino the

clutch housings. \Vith quiescent current applied, it creates a friction force ' , :

in the clu.tch housing that creates heat, which if a!.lowed to rise to a high 1 "

temperature the eleetro-magnet would loose its n_agnetism capabi]ity; thus ;_'_:_

rendering that set of clutches inoperative_ This problem occurs only during

boost, not during t],.enormal SRS bur__s.

Prior to any thrusting periods the th,ambwheels on panel 6 can be used

to position the enginea The thrust-on signal rr_ay be provided by the G&.N

through the SCS, o;: by SCS onlyo In either rr_dde the current input required

(to maintain '<he engine thrust vector through the center of mass) to the

clutches will increase above the quiescent current which increases the

current in the electro--magnets that are rotating with the clutch housings.

The dry powder magnetic particles have the ability to become magnetized

very readily as well as becoming demagnetized as readily° The n_agneti.e

particles increase the friction force between the rotating houz, ing and the

flywheel, causing the f]ywheel to rotate. The flywheel arrangement is

attached to the clutch output shaft allowing the dutch shaft to drive the bull

gear, The BL,1]. gea._ .... : ...... a bs.]! nut --'*-":_> -_i .... we .%."tuaior jack--

to an extend or retract position, depending upon which clutch housing

electro-magnet the current input is supplied to° The larger the excitation,

current, the higher the clutch shaft rotation rate,

Meshed with the hal! nut pinion gear are tv,,o rate transducers of the

tachometer type° W]._en the ball p,ut is rotated, the rate transducer supplies

a feedback into the sumrning network of the !-]_rust vector control logic to

control the driving rates of the jackscre',,v (acting as a dynanqic brake to

prevent ove." or under'correcting), one transducer for each syst,ern.

The jackscrew contains four posit5on transducers_ all arrange<] for

linear motion and all connected to a single yoke. One of the position trans-

ducers is used to provide a feedback to the sun_n_ing network of transdnc.er

feedback° The two feedbacks to the sustaining network reduce the output

curre_t to the clutch, resulting in a proportional rate change to the desired

gimbal angle position and returns to a quiescent current.

One position transducer provides a signal to the visual display on

panel 6o One of the position transducers providesafeedbackto the rcduizdant

summing network of the thrust vector logic for the redundant clutches. The

rezp. ai_-,'ingposition transducer is not presently utilizedo

{!!:!_
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The spacccraft desired itaodon, thumbwheel positioning_ engine nozzle

position., thrust vector position, gimbal position display indicator and actu-

ator ram move_ent is identified in figure Z. 4-.5.

A snubbing dev._ce provides a hard stop for an additional l-degree

travel beyond the, norrna.l gimoal !im_ts.

bianual th.rust vector control, may be obtained by the crew placing the

translation cont_oi clockwise° This will open contacts KI0 and KI3 and

close contacts Kli and Ki4, a].lowing the rotation control to provide the

crew with manual thrust vector controi_

Zo4.Z,]0 pro___pe]ltant UtJ!_za.tion and Garaging Subsystem (PUGS).- "_ " _ ....... LI_- -- .......................................................

Tl_e subsysteFn consists of eight propell.anc quantity sensors, a pro--

pellanfi utilization valve, a cent:tel ur:dt, and a 4ispl_y unit (figures Z,4-6

and Z, 4- 7),.

Z,4.2. 10o]. Quantity Sensing, Con_puting, and Indicating System°

Propellant quantity is measured by two separate sensing systems:

prhnary and auxiliary° The prinaary qu&nti_y sensors are cylindrical

ce.pacita.nce probes, znounted axially in. each tank° !n the oxidizer t%nks_

the probes consist of a p:_ir of concen!:ric electrodes with oxidizer used as

the dielectric° In the fuel tanks, a pyrex glass probe, coated with silver

on the inside_ is used as one conductor of tl_e c.apaci_o_ l_'uel on the out-

side of i.}._ept-oL< it tLe ,Ahem: conductor_ _hs pyre:: _!ass itself fern, s the

dielectric, The auxiliary system utilizes point sensors mounted _-_tintervals

along the prirna.ry probes i:o provide a step function i_npedance change

when the liquid ]eve] passes their location centerlineo

P,'imary propellant measurement is accomplished by the probes

capacitance being a linear function of propeliant height°

Auxiliary propellant m.easurement is accompl.ished by locating the

propellant level with point sensors, Each point sensor consists of con--

centric metal rings, seven in the storage tanks and eight in the sump tanks.

The rings present a variable impedance, depending on whetber they are

covered or uncovered by the propcl].a,_zts0 When the propellants are between

point sensors, the propellants remainin/_ are inlegrated by a rate flow

generator which integrates the serves at a _ate proportional to the normal

flow rate of the fuel and oxidiz¢r_ A n_ode selector senses when the pro-

pellant crosses a sensor and cha.nges the auxiliary serves from the flow

rate gene_'ator mode tO the position mode, the system moves to the location

specified by the digital-to.,.analog converter for 3/4 second to correct for

any differ(race, The system then returns to the flow rate gen.erator :_ode

until the next point sensor is reached, Figures Z. 4-8 z_nd Z, 4-9 illustrate

point sensor locations th<it are covered by propellants° The nonsequentia_

pattern detector function_ to detect fa.].sc or fau].ty sensor s_gnaiso If a

sensor has f_{i!e d, the infornqation from that sensor is blocked froFn the

svstez_., pr(-:ventin Z disr_._])tion of svstcn] co_r:putatiOno

SI_RVICE P[<OPULSION S'YSTEIg

' _ ..... 12 No,_ 1t;66 Ct-.:¢,-_K. - D_,te ............................. Paze Zo4--18
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SfC MOTION D,_. _K,-D
BY THE CREW

SIC NOSE DOWN (P!TCH)

SIC NOSE UP (P_TCH)

SIC RIGHT (YAW)

SIC [.EFT (YAW)

THUMB wM_,
POSITIONED

ON PANE[. ASSEk'IBLY

6TOA
__i

+ NU...... AL (UP)

NUMERAL (DOWN)

- NUMERAL (RIGHT)

ENGi NE NOZZLE
MOVES TOWARDS

THE

+ Z AXIS OFTHE S/C

- Z AX_S OF THE S/C

+ Y AXiS OFTHE SIC

+ Z AXIS OF "'_ I_¢,_.SIC

- Y AXiS OF THE SiC I

G_Fv_BAIPOS ilONl
., _ _ \ T _ _ " ' "TNE THRUbT 7EC:O_, ' ," ," '"_ ,_,"_ _ ACTUATOR

_.-,......... r I PAN,:_LAS_'_SLY | RAM
,.uw_u_ m_ i 6 MOVES TO A i

- Z AXiS OF THE S/C ! + NUMERAL P_TCH EXIENDS
!

- NUF'_%RAL _ PITCH RETRACTS

IYAW _TENDS I

YAW RETRACTS 1

L .... J

- NU,_,,.ERAL

+ NUMERAL (LEFT) ' Y AX_S OF TIdESIC + Y AXiS OF THE SIC i + NUMERAL

THE ACTUATOR NULL POSITION IN YAW IS 4° 'OFFSETFROt'?,THE SIC X AXiS DUE TO

THE ENGINE MOUNTING ?ADS IN THE SERVICE#_ ODU_L BEI,,,GCANTED (BLOCK i VEHICLES)

TP,E THRUST VECTOR IS 4° TOTHE -"YAXIS OF THE SIC AND TileENGINE NOZZLE

IS 4° TO THE -Y AXIS OF THE SiC.

AS A RESULT THE GIMBAL POSiT!O:",! iNDiCATOR 0[4 PANEL ASS£'v'_BLY.6WILL
'_ NUL,- POSitION.1,,_,r.._,_HE ACTUATORS ARE iN TiiL ...._NDICATE A +4° ,,u.'-,__-

TO PARALLEL THE THRUST VECTOR At.;D THE ENGINE NOZZLE WiTH THE X AXIS OF

THE S/C, THE YAW THUMB WHEEL OX PANEL ASSEMBLY 6 I\;_UST BE POS ITIONED
TO 0° AND AS A RESULT THE YAW POSIT!ON INDICATOR ON PANEL ASSEMBLY
6 WiLL INDICATE 0%

iN THIS CASE, THE YAW ACTUATOR IS NO LONGER 1N !TS NULL
POS!TiON IN RESPECTTO THE GFVIBAL R!NG.
THE THRUST VECTOR AND THE ENGINE NOZZLE ARE NOW PARALLEL
TO THE X AXIS OF THE SIC

THE ACTUATOR NULL POSITION iN PITCE IS 0° {BLOCK I VEHICLES).

:[;'igt_ _'e Z. ,i -. 5.
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When a TIffI<UST--ON signal is provided with the S_I;NSOR select switch

in the PRIMAi_Y or NORlvlAL position, the crew display digital readouts,

and unbalance display will not change for 4.5_I.0 seconds to allow for

prope]!ant settling, I£owever, TLM will receive the same signal as upon

completion of the last firing after approximately one second of SPS TIIP_UST-

ONe

When the THIIUST-ON signal is provided wfth the SENSOR select

switchin AUXiLIAIiY position, the crew display digital readouts and TLM

wi].l receive a change in .infor-_nstio n inn_edi_,te!y which is generated from

a flow rate integrator that simulates the r_on_inal flow rate and transmits

this as quantit_ inforn_adon go the crew displays and TL, Mo The crew

digital readouts, unbalance display, and 'FLM will not be updated to the

propellant f1'o_ a pofn.t sensor for 4oSJ=lo0 seconds alter THRUST-ONe

When the TJ:iRUS'F-ON sigt_al is provided plus .i_5:i_l.,0 scco_._ds, -: a. point

sensor is uncovered the crew digits] reado_ts, u_baLance disp]ay, and T]_,M

will be updated fie the propellant ren_-_ining at that point sensor. The time

delay of 4. 5:hi00 seconds is to the point sensor sys[.er):_ and not to the

auxiliary fuel and oxidizer serves, and is to a!].ow for propei!anl settling°

Any deviation fron_ the nominal oxidizer to fv,.el ratio (Z:I by re.ass) ks

displayed in. pounds by the UNBALANC ]_; indicatoc_. 'i'hc upper half of the

_ndicator is marked I{WC, and the lower half is rnarl<ed DEC to idc.ntify the

required change in oxidizer flow tale to correct an.y_utabalance condition°

When the SENSOR. select switch is in the N©IIk_.iL position, the

outputs of both senso_ systenus are continually compazed in the cornparator

netwo_"k_ If a discrepancy occurs betwcor, t,.,tal pr_._n}).ry and total s.uxi]ia_y

fuel of 300 pounds, or a discrepancy between total pri_r_ary oxidlzec and

auxi]ia.ry oxidizer of 300 pounds, th.e caution a_d warning indicator on

panel ].i is iilurninated_ The output of the oxidizer surnp tan]< s¢_-rvo

amplifier and the prim.ary potent_on_eter of the unba].anee h_dic[&or a_:e

con%pared in the con_pa.rator networ]% e.nd if 300 pounds or 90 ]percent: of

the critical unbalance ir:,dicated versus time remaining is reached

(figure Zo 4-10), the c_.tltion and warning light on pane], l 1 is illurr_i.r_ated,

With the SENSOR select switch in the PRIhiAI_Y position, the output

of the oxidizer smwp tank serve ampiifiex and the output of the primary

potentiometer in the u.nbalance meter are compared in the comparator

ne_work and if 300 pounds or 90 percent of the crit_.ce,.l unbalances indicated

versus tirne remaining is reached, the caution and warning light on panel 1].

is illumin_tted.

With the SEIx]SOR select switch in the AUXIL!A!&Y posit_on, the output

of the auxiliary oxJdiz, er serve amp]i:[ier and the output of the axuiliary

potentiometer are compared in the eomparator nct\vork_ and _f 300 pounds

or 90 percent of the critical unbalance indicated versus rinse ren_aining is

reached (figure Z_ 4--10)_ the caution and warning lig}-t on panel li is

il]un]inatedo

!

_!:(!

[:][_

!;)<

_2

f:

SE.[<VIC]!;PROPULSIC)]q SYSTEM
"2 ")

] _- ion .................... Basic Date_;l.._912,?;,__og_.£: .... Change Date ....................... Page _. 4-,_.0



A}POT_L,O OE__'-]'LATIO_S i-tAN])_O'.-.)f(

SYSTEMS DATA

tOTAL FUEL

QTYLBS

fROff,S[N_D,R

S_LECT SWITCH
tADC2G

FUEl. DISPtAY

PRI,_,; FUEl SOMP

PRIM FUELSTORAGE

AUX FUEl.

SOLID
_ATE

S_AqTCH

I
i

FROM SENSOR

SELEC[ SWITCH

MDC 20

UNBALANCE DISPLAY

A!IX OXID

PRIM OXID SUMP

PRI_ OXID STORAGE

l---

t
I
I SOLID

STATE

SWITCH

TOTAL OXIUITER

QTYLBS

PRIM AND AUX
FUEL U_ALANCE

OF _O0 t BS

PRIM AND ALIX

OXID UN3AIANCE

OF360L_S

Figure g_ 4-6.
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e o ¢.Once the warnkng ]:._h_ is fllo.minated, the c_:'ew can. determine \vhether

there fs a :,x_].:[v.nc(:i.on within the quantS_ty r__nd in.d;.cating systems os" if there

is a t_'ue unbaia_ce condftion e>rJ.sdng by uue of the self-test poz'tion of the

system° By observing the response of each system in conjunction veil;t_ the

TEST switeh on pa.nel Z0, t].,ecrew c&n :¢eco[u_iz,e the malfunci:g.on or

determine if there :i.s a. true unLa].a.nce cxisdn.go

j' ,I, 2, I0, Z Quantity Gor.uputfng anna )h_.dfcat:i_.g Syster.< Test,,

A test of_the ser,s:in¢._.,y_tm_<_,.,e>::clu_d_ngthe poknt senso:'s and pz'obes

can be i_x_])].e.rnent_ddurS.ng '!'k]IB.OST--O]q or -.OF1 ? pe_:iods,

W'_th the SE:]',_SOR select switch in PI\[N.'(A!ZY an.d the TEST s,.vftch fn

the '17_S'1' U]P posi.l.ion, t]_-_ test stimuli is appli.ed to th:_ prfrna_'y syst(.'_n.

tank se_'vo a_w, plif'e.cs a2t(:.,- a. 4_ 5.--k-].¢0 .'-_er:ond de]aye A% t:bis tin_e, the [:<:st

r;ti<nuli w].]]_ drive: the iuel and oxidi>se:c displays to at: increase reading at
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different rates (oxidizer at a rate of approximately 3 digits per second• and

fuel at a rate of approximately l,,5 digits per second}, resulting in an

unbalance and indicated on d_e unbalance display as an INC (clockwise

rotation)o TLM would receive an increase in propellant quantity fro_ the

primary system simultaneously.

Placing the TEST switch in the TEST DOWN positioa, and after a

4.5d:l.0-second delay, will provide test stimuli to the tank servo amplifiers

which will drive the fuel and oxidizer displays to a decrease reading,

returning the crew displays close to the reading displayed prior to

TEST UP_ simultaneously TLM would receive a decrease in propellant

quantity. If the TEST switch was again placed to TEST DOWN, after a

4.5->i. 0-second delay, the fuel and oxidizer crew display readouts wou!.d

drive to a decrease reading at different rates resulting in an unbalance

and indicated on the unbalance display as a DEC (counterclockwise rotation).

TLM would receive a decrease in propellant quantity si_r:.altaneously. To

return to the reading disp!ayed prior to the second TEST EOWN, place the

TEST s\vitck to TEST UP and after a 4o 5±lo0-second delay, the crew dis-

plays would return close to the original displayed readings, simuita>,eously

TLM receives _n increase in propellant quantity,

To test the auxiliary system, place the SENSOR select switch to

AUXILIARY and utilize the TEST switch up and down positions. There is no

time delay involved with the a_xiliary systet_o. '

The _4UTO position removes the electrical test stimuli inputs°

Propellant Utilization Valve°

If an unbalance condition exists, the crew wi]l use the propellant

utilization vaIve to retur_ the propellants to a balanced condition. The

propel!ant utilization valve housing contains two sliding gate valves within

the housing° One of the sliding gate valves is the primary and the remain.-

ing is the secondary (figure Z.4-7).

Stops a.re provided within the valve housing for the full increase or

decrease positions of the primary and secondary sliding gate valves.

The secondary propellant utilization valve has twice the travel of the

primary pro]?ellant utilization valve to compensate for pr-knar F prope]!ant

utilization valve failure in any position,, The secondary valve is selected

by the VALVE switch and is controlled by the OXIDIZER FLOW switch 5n

the same manner as the primary.

The propellant utilization valve controls are on panel Z0. The VALVE

switch selects the primary or secondary propellant utilization valve.

Normal position of the VALV._ switch is PRIMARY. The OXI]9IZE;R ELOW

switch is utilized to position the primary or secondary propella:nt utilization

t
i
|:. >,,:,s_
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sliding gate valve. When the OXIDIZ/E}7< FLOW switch 5s in NORMAL, the

sliding gate vah, eis in the uominal flow position and the upper and lower

OXID Flow position indicator is gray. When the OXI])IZE]_< FLOW switch is

1)].aced to the INCi]DEA.SE position, the sliding gate valve is in the increase

flow position and the upper OXI]D flow position indicator is striped. When

the OXIDiZEP.,FLOW sv,dtch is placed to IT)EC;RI_ASE position, the sliding

gate valve is in the decrease flow position, but does not block the oxidizer

flow completely and the lower OXiD flow indicator is striped,

]Engine THRUST ON-OFF Control.

]Figure Z. 4-I illustrates the THl%UST ON--OFF J.og,..in the guidance

and navigation del_:a V ___.ode, the stabilization control, system delta V n_ode

and the _]aanual direct mode.

The guidance and navigation. J.s the primary delta V rvmde which pro-

\ddes the most accurate trajectory corrections. The G&NAV mode of

operation will require G_eN gate 2 to be completely enabled. Its required

inputs will be an ullage maneuver input which could be supplied by the SPS

abort:logic or the direct ullage pushbutton or b F translation control 1 or 2

placed to the +X_ which would satisfy the O1< gate 3 function and the hold:_ng

input after the G&N AND _'_ 2 is enabled which is processed, through N-_\I'.ID

gates 1 and Z, with the G&,_N AV mode selected from the SCS cont;:o! panel

and the pulse train converter oatput of logic one connrr_an.ded from the C_AN

computer by the crew. These inputs \rill enab._e _'XND gate ?-and provide the

logic one input to inverter 3 which disab].e.s AND ga_;e 6_ Inverter 4 v.'lil

provide a logic one s_gnal to the solenoid drivers that: provide th_ g_,'u,_md

for the two sets of o°PS relays. ']Thetwo sets of SPS relays provide power

to the following:

a. The four solenoid control valves, which allow gaseous nitrogen

pressure to be directed to four aetuato.rs thai• position eight of the ball

vah, es in the injector valve asse_cably of the engine. This is due to INJEC.-

TOR PRE VALVE A and ]-3being enabled.

b. The quantity sensing and indicating system and the propellant

utilization valve.

c. The systerns A and B helium pressurizing valves.

d. When the output of the pulse converter is a logic zero, G&N AND

gate Z is disabled, which terminates a G&.N AV maneuver and removes

ground from the two sets of SPS relays. (Manual backup of the THRUST

CONT!<OL switch to OFF, )

The backup delta V mode, is the stabilization control system delta V

mode which has limitations and restrictions that require individual con-

sideration. The SCS tar mode of operation will require enabling SCS AND

gate 1 to initiate thrusting of the engine. SCS AND gate 1 has three enabling

inputs: the input from <)K gate 1 indicating _ Y.V mode is selected; the

output from the DECA indicating a value greater than ze;'o on the AV

REMAINING d_splay; and the input from th( _- THR.UST ON pushbutton light

v-_ The one logieindicator af'_er it _s processed through NANJJ g_tes 3 and 4.

output from S()S AND gate 1 is in.vetted by INVEI<TE}I Z to a zero logic

which disables A.['_D gate 6 and is inverted by INVEK'I'EK 4 to a logic one,

if,!
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and enables the solenoid drivers that provide ground to the two sets of

SPS relays. The two sets of SPS relays provide power to the same functions'

as in the G&N AV rhode.

a. When the output of the DECA AV REMAINING counter reaches zero

velocity, SCS AND gate 1 is disabled. 7'he logic output from AND g{_.te 1

goes to zero and INVERTER Z goes to a one logic output which enables A.N_

ga._e 6 to a one logic output and the sigl_al is inverted by INVERTER 4 to a

zero logic output, and the solenoid drifters remove ground from the two set[;

of SPS relays te-,'minating thrust. (Man.ual backup of the THR.UST CONTROL.,r ......
, ii:

switch to OFF. ) _ I
[

The DIRECT operating mode bypasses a!! electronics. The DIRECT L-_....

ON position of the THRUST COIqTF<O!, switch provides power to the !-wo

sets of SPS relays, the same as in the G&N /$V re.ode of SCS AV mode.

Thrust would be, terminated by placing the T}-IRUS'r CONT}<OL sv:itch

in the OF_" position.

The SPS thrust control logic provides.illumination of the talk-.back

light in the THRUST ON switch. To il.].ur,ainate the light in a G&N fit r mode,

.AND gate 4 must be enabled. I[ has two inputs which are G&N A\r mode

selected and the presence of a logic one output from the pulse train con-

verter. With A.ND gate 4: enab].ed, OR gate Z wi].l trigger the lamp driver

and illuminate the THRUST ON light. To illuminate the light in the SCS ,2_\_

mode AND _a{-e 3 must be enabled, it will also satisfy OR gate Z .a.:-)d .

trigger the larnp driver. The SPS thrust control logic 5s interlocked so that

AND gates 3 and 4 will never be enabled simultaneously because of the

T}IRUST ON switch ini_ibited to ;he pulbe [:!:aJn c-o:_rel'trt;_. T]-ie:re[o_e, tl_e

THRUST ON light will be il].uminated at all tirnes when the thrust is on for

nornqal operation. If the direct function is used to initiate thrusting, it will

bypass all electronics and not illuminate the TI-t.RUST ON light.

The output from the SPS thrust con.trol logic performs a. function

other than energize the fuel and oxidizer solenoid valves. It provides the

logic switch.es required to reconfigure the SCS relays for proper thrust

vector control. The thrust control switch provides both inputs to OR gate 4

if both de buses are operational. Either dc bus will enable or< gate 5 to

provide the upper input to INHIBIT AND gate i. A.ND gate 5 provides the

controlling input to the llNI-iIBl'rAND gate I. When the solenoid drivers are

not energized and the thrust control switch is in )qO]_.NiAh., both inputs to

AND gate 5 are true. The true input will _naintain a logic false output from

the INHIBIT AND gate 1 because of the inversion on _be input of the gate.

When either SPS relay set is activated by a soleuoid driver or by gi_e ground

contacts of the DII%ECT O]X_ switch, AND gate 5 will be disabled by lhe

ground or false input. The input will be inverted by the INHIBIT AND gate l

input to enable an output to the time delay. The time delay is required to

permit thrust buildup from the SPS engine before the ullage maneuver is

terminated; however, the pitch and ,_aw attitude error inputs are i_nserted

into the TVC electronics immediately. This action assures positive g forces

SisR!_I_iu PROPULSION SYSTEM
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throughout thrust initiation of the SPS engine and gimbaling control of the

SPS engine for the entire thrust buildup, The time delay is also active

after INHi]31T AND gate 1 is disabled by enabling AND gate 5. AND gate 5

is enabled when both sets of SPS relays are de-energized, The time delay

is active for both outputs when the signal is removed to permit continued

SPS engine gimbal control, while the residual thrusC is present and inhibits

RCS operation in pitclz and yaw until residual thrust is reduced. This

reduces the tumbling induced at thrust termination° The time delay is

approximately one second for application and removal of the engine ignition

signal.

pERFOR2vIANC_Z AND DI_SIGN DATA,

Design Da:ca.

The follo,xdng list contains specific data for the components in the

SPS:

HELIUM TANKS (Z) 4000:k50 psia fill pressure, 4400 n_aximum

operating pressure 70°:_:I0°F, capacity

19.4 cubic feet, inside diameter 40 in. and

a wa].l thickness of 0.46 in.

REGULATOR UNITS (Z) Working regulator -.Primary 186m4 psig,

secondary !9].=k4 psig, p_imary ].ockup ZOO

psig, secondary lockvp Z05 psig. Norma].ly

locked by worldng regula.tor; pril-mary

18].J:4:psig, secondary i91:_4 psig, primary

loekup 195 psig, secondary lockup Z05 psig0

PRESSURE T_P_ANS-

DUOERS (Z)
ULLAG]E PRF2 SSU I<_

(REG ULATED HIE I7.UM)

PROPE LLANT U TI LiZATION

Fuel and oxidizer underpressure setting

(SPS PRI!;SS !ight, panel. ].1) 160 psia.

Fuel and oxidizer overpressure setting

" " c_ -(SPS PRESS l_.e, ht, panel 1]) Z00 psia.

Increase position - 46. 65 ibs/second

VALVE CONTROL (Z) Normal position - 45. Z7 ibs/second at

70°F and 168±4 psig

Decrease position - 43, 87 ].bs/second

]Response ti_m.e -- Normal to increase or

vice-versa, or normal to decrease or

vice-versa is 3 to 4 seconds

QUANTITY SENSING

S'_ _,rEM ACCURACY

±0. 35% of full tank plus ±0. 35% of propellant

remaining primary system ±0.35% of full

tank p]us ±0. 35_/,_ of propellant remaining

plus Z. 3% of storage tank quantity remaining,

auxi].i,_ ry system_

SERVICE PROFULSION SYST]E1Vi

?;',i_.'.:-o!_ ................... Basic Date IZ Hov l_!,)2L_ Change ]Date ................... Page
Z.4-30
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HELIUM RELIEF VALVE (2)

OXi]DiZER STORAGE AND

SUMP TANK

FUEL STORAGE AND

SUMP TANK

Diaphragm ruptures at ZZ0m7 psig

Filter - I0 microns norm.a], 25 microns

absolute

Relief valve relieves at Z32m8 psig

liel.ief valve reseats at ZlZ psig minimum

Flow capacity 3 Ibs/second rnininnum at 60 ;F

and 250 psig

Bleed device closes at ambieni: to 100 psi

and is manually reset open

Total tank capacity 30, 600 lbs, usable

ZT, 333 lbs. Each tank has a. volume of 175

cubic ft.

Fi].l pressure ii0 psia. Ullage after filling

Z.4. cubic ft in storage and 8.0 cubic ft in

sump tank. Ullage after pressurized to ]75

psia, 6.8 cubic it in storage and 5.0 cubic

ft in sunup tank. Inside diarneter 5] in.,

length 165.4 in., and will elongate to 0. i25

in. when pressurized to 240 psi and IZ0°]J"

for 336 hours. Wail thickness 0. 060 in. in

continuous areas, 0. 069 in. weld buildup

areas and 0. 031 in. on domes. Fill. tolerance

of i/4 of i% of full tank plus i/4°/0 of pro-

peltant rernaining.

Total tank capacity 15,300 ibs, usable

13, 677 ibs° Each tank has a volume of

139° 7 cubic ft.

Fill pressure 90 psia. Ullage after filling

1.8 cubic ft in storage and 5.8 cubic ft in

sump tank. Ullage after pressurized to

175 psia, 6 cubic ft in storage and 3.0 cubic

ft in sump tank. Inside dianaeter 45 in. ,

length ]66.8 in. , and will elongate to 0. IZ5

in. when pressurized to Z40 psi and IZ0°F

for 336 hours. Wall thickness 0. 053 in. Jn

continuous areas, 0. 061 in. in weld buildup

areas, and 0.03] in. on domes. Fill

tolerance of i/4 of I% full tank plus ]/40/0 .

of propellant remaining.

SERVICE PROPULSION SYSTEM

h4ission Basic Date 12 Nov ]966 Cha_zgo E.at..
• L* _ 1

Pag e _ 2a.:_%:_: -.2°a............
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NOMINAL PROPELLANT

TANK WORIiING PRESSURE

INTERFACE FLANGE

FIL, TEII

GASEOUS bP_"T !tOGE N

pROPELLANT VALVE

CONTROL SYSTEMS (Z)

ENGINE

175-_.4 psia

500 microns _bsoJ.u_e

Storage vessel presst_re 2500_50 psi at 68°F,

Zg00 psi at 130°F. Suppo_lt 36 valve

actuations.

l_egu].ator, single stag_ 130_7 psi at all

flow t;p to 0. 035 !bs/second.

!45 psi maxirntnv_ ]ockup pressure.

Relief valve - relieves at 350_i0 psi,

reseats at not less than

250 psi

P_all valves ]. and 4 dry opening travel tinge

of 0.6 (+0. Z, -. 0.05) second

Bail vaJves Z arid 3 dry opening travel tithe

of 0. 3Z51:0. 1 second,

Ball valves ] and 4 _ry closing travel drne

of 0. 37510.05 second

Bal]. valves Z and 3 dry closing trawzl time

of 0. 575_c0. ] second

500-second service lift on. S/C 014

Capable of 36 restarts

Expansion ratio, 6 to 1 at ablative chamber

exit area, 6Z. 5 to 1 at nozzle extension exit

area.

Cooling charnber_ ablation and filn%

extension, radiation

Injector _ype, baffled regeneratively, cooled_

unlike i_npingen%ent

Oxidizer lead, 8 deg_

Length, 15Z. gZ inches

:,_ • t r: [OV.

SEIIVICE ]:)ROPULSIOI\)SYSTEM

IZ Nov 1966 ,-'_._,_ Date_ ................... Page Z 4_-32
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G!M]3AL LIMITS

GIMI_AL MOTO]K UNDER

AND OVI£RC UP_EENT

R._LAYS

ACTUATOR CLUTCHES

Nozzle extension exit diameter, 94.4 inches

We,_ght, approximately 650 Ibs

Ablative chamber throat temperature sensor_

illuminates SPS WALL T.F__MP HI caution and

warninglight on panel iI at 380°F, one

sensor per harness.

SPS ]Pc transducer, Pc disp!ayed on panel 3

through L/V AOA., SPS Pc switch to L/V

AOA, SPS lot indicator, green range on

indicator is 65 to IZ5%, norreal Pc 85 to

125 psia.

About Z_Z axis ±7 (4-i/2, -0) deg with

additional 1 deg for snubbing yaw

A boul, Y-Y axis -_:6(+1/2, - 0) deg with

additional 1 deg for snubbing pitch

Undercurrent (primary only) below 6 ar_peres

detected for a duration of 250s:50millisec,onds

or more shall interrupt the f].ow to the load

in !ess than 160 milliseconds.

Overcurrent dependent upon ten_peratu_e

during start transient and steady state of

gimbal _notor on primary. Secondary con-.

trolled by 70-an_p circuit breaker.

Quiescent current of 60 (+i0, -5) _nill]an_p_:

(iviotors off, a Z46 ft-lb force required to

move engine equivalent to i. 53 g.)

,<
iiilL

• <

%!

t

2.4.3.2

Z.4.3.3

ACTUATOR PRJESSURIZED

S/C 012 and 014 SERVO

ACTUATOR DEFLECTION

RATE

FLIGHT COMBUSTION

STABILITy MONITOi<

SYSTEM

Performance Data.

3. 5_i. 0 psi dry air at - ]60 °F at vendor

0.23 radians per second (13. 09 ° per second)

180 g:s pea]< to peal< for 70J:20 milliseconds

600 to 5000 cycles per second

Refer to mission modular data boo]<, SID 66-1177.

Power Consumption Data,

:,i

Mi s s lo:_

oYo • _._MSERVICE PR.©]PULSt©N o c,,-_:-

Basic Date 12. l<rov ]966........Change Date Page Z. 4.*33
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Watts

DC
Subsystem and

Component

Service propulsion

Propellant utilizadon

valve

VropeJlant utilization I

gauging system

Injector prevalvcs

lie solenoid valves

Feedline heaters

Pilot valves (SCS)

Gimba! actua%or

n]olors

Control

VALVE sw and OXIDIZER

FLOW sw (Ref. gauging

sys)

Gauging C13(41 SPS

GAUGING AC _;w SEI,_SO.R

s w

1-!e valve GI3(Z) INJECTOR

PREVALVE sw (2)

He PRESSUF/Z!NG sw (2)

SPS relay

SPS H}2ATER sw

ECA dzivers {2)

Gimbal CB (6)

GIMBAL MOTOR

sw (4)

No. of

Units

26

4

Channel I

Id].e

pitch

yaw

Boost

pitcL

yaw

Thz _st OI",'

pitch

yaw

lvla ximum

pitch

_aw

C}_arma] if

Idl e

pitch

y_W

13oost

pitch

y a w

Thrust ON 1

pitch

yaw

h4axim urn

pitch

ya\v

_:_With quiescent current

::_::_Without quiescent current

.... AC! 1 --_

21.0

28.0

(See f:g-

ure 2.4-2

10.5

450<:

450*

51i*

511 ':_

775*

775*

1800,._

igo0* I

;35** ]

;35_::# i

;3 5 ;:_ '::

13 5:1_':'

_ 35'::;::

_35"* ]

Above statemeats assume charmel I is the operating channe] and channel II is standby.

operating wdues applicable to channel II when channel iI is commanded.

current draw values not a d_ rect function of an applied voltage.

£ o-- _2
AC

I62.6

J
16.8

42.0

56.0

33,0

4Z. 0

900

i022

1550

3600

670

67O

67O

670

Ghanlml I

28-vde supply values,
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2. 4. 3.4 SPS Electrical Power Distribution.

See figure Z. 4-11 for electrical power distribution.

2.4.4

Z.4.5

OPERATION LIMITATIONS AND RESTRICTIONS.

The operational limitations and restr/ictions of the SPS are as

follows:

a. Propellant quantity gauging subsystem is operational only during _,_,_

engine firing. A 4. 5-second firing period is required before propellant '-i.
}:

quantity information i_, Updated, when SENSOR switch is in the NORhd or _.
PI<I position. Delay is buil.t--_n to allow propellants to settle and stabilize _.

before updating the displays.
b. A one-second time delay between actuation of GIMBAL MOTOR

switches (MDC...3) is requir.ed, as simultaneous actuation may result in an

excessive power drain°
c. Engine design minimum impu].se control limit is 0. 4 second;

however, mission minimum impulse may be longer.
d. Due to adversive temperature effects, engine gimbal drive motors

should not be continuously energized for periods in excess of 12 minutes.

e. Single bank mode of operatio_ by the bSpropellant valve assembly
will result in a 3 percent reduction in thrust.

TELEMETRY MEASU/<i£ME NTS.

The following subsequent ]_st is of all.SPS telemetry da.tamc,nitored

by _.light controllers and grom%d support persor, nei.

i

{ i'!<I M i s si o_
7i ! ¢:4

{
{
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Figure Z.4-11. SPS Eiectrical Power Distribution Diagram_
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Crew I)isplay

Panel 2o

Panels 20 & il

Panels 20 & ii

i Panels 20 & !i

i

i

!

1
I

i Panel Z0
Pane[ 20

Panel 3

I Panel Z0

Panel 20

l
I Panel 20

Panel 20

{ Panel 20

!

! Figure I

2.4-i

2.4-I

2.4-i

2.4-1

and

2.4-6

i 2.4_!

Z. 4-!

2.4-1

Z.4-I

2.4-1

2. 4- 1

2.4-i

2.4-i

2.4-i

2.4-I
t

1
I 2.4-i
2.4-].

1
I

NJ c_s ttr el_._ent

t{eiium 'fauk Supply Pressure

l_egulated Helium Pressure to

Fuel Tank

Regulated Helium Pressure to

_,[e&surc- I
_]cnt

Number I !mange

SP000]P I+9 +5K psia

SP0006P [ +0 +300 psia

SP0003P +0 +300 psia

Oxidizer Tank

Quantity Sensing System

Sensor Select Switch in Normal

Primary Fuel Sump 2

Primary Fuel Storage 1

Primary Oxidizer Sump 2

Primary Oxidizer Storage !

Sensor Select S_<itch in Primary

Primary Fuel Sump Z

Primary Fuel Storage !

Primary Oxidizer Sump

Primary Oxidizer Storage 1

Sensor Select Switch in Auxiliary

Primary Fuel Sunlp Z

Primary Oxidizer Surer 2

Auxiliary Fuel

Auxiliary Oxidizer

"Fernperature ! Oxidizer Distri-

bution Line

Temperature 2 Oxidizer Distri-

bution Line

Temperature i Fuel Distribution

Li n e

Ternper__ture Z Fuel Distribution

Line

Fuel Inlet Pressure to Fuel Valve

Oxidizer Inlet Pressure to Oxidizer

Valve

Chamber Pressure

injector Temperature

Primary (:aseous Nitrogen Tank

Supply Pressure

Secondary Gaseous Nitrogen Tank

Suppiy Pressure

r_ail Valve Position !

!;all Valve Position 2

Bali Va]ve Position 3

i

SP0658Q ::+0

SP0657Q i +0

SP0656Q i +0

sP0655Q i+0

sP0_5_ I+o
SP0657Q }+0

SP0656Q i +0

SP0655Q i+0

SI-'06580 I +0

SP0656Q I +0

SP0657Q I+_

SP0855Q !+;

SPu054T +0

SP0055T +0

SP00577 +0

SP0058T

SP0010P

SP0009P

SP0061P

SP0060T

SP0600P

SP060] P

SPOOZZI-[

SP0023H

SP0024_{

+8K !bs

+8K ibs

+I6K ibs

+I6K ibs

+8K ibs

+SK lbs

+I6K lbs •

+I6K Ibs

+SK lbs

+I6K ibs

+8i< Ibs

+I6K ibs

_Z00°F

+200°F

+200 °F

-'-0 +200 °F

+0 +300 psia

+0 +300 psia

+0 +150 psia

-'0 +200°F

+0 +5000 psia

+0 +5000 psia

1+0 +90 deg

-k0 +90 deg
i:O +90 ,_leg

t

Sign}:[

Co nditionc r

SZSAR3

$28AR6

S28AR5

$28AR8

$2 S :\R7

$28AR9

$28AR41

SZSAR42

v_bn nne /

Code <:

!1A66

11 :\70

11 A68"

I IOA94

I 10A92

i 10AD0

IOA88

]0A94

I 10ADZ

i0AD0

IOA88

10A94

10AD0

! 0A'_2

10A88

IIA77

!IA76

!ZAI !

IIAI09

IOA78

ilAIZ5

IIAi03

i I.'%105

IIAI]0

l{it

!_ a t c :',: ":

I{2 PCM

HZ PCM

I-IZ PCM

H1 PCM

H1 PCNi

l-f1 PCM

H! PCM

HI PCM

HI PCM

H1 PCb4

PIi PCM

Hi PCM

H! PCM

I{1 PCM

}-{i PCM

I

}{2

I

H 1

H1

H1

HI

H1

HI

}i 1 I

PCM

PCM

PCM

FQ

PCM

PCM

PCNI

PCM

PCM

Operating R.anzc

-I000±50 1)si4 and

([ec rCiLS(t \v]th

firings

170 to 195 psia

170 to 195 psia

Variable

variable

135 to 195 psia

135 to 195 psia

65 to 125 psia

Variable

2500±50 psia and

decrease with

firings

2500=50 psia and

decrease with

fi ri ng s

Open or cbsed

Open or_ closed

Ope:; o.r cbsed

';f.L3 uss:_

>
_0
o
F

O

O 0_

o

>
z E
>
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